2009-05/ARRA 604 South River bacterial source assessment, Town of Marshfield: final report by Marshfield (Mass.) et al.
 AMERICAN RECOVERY AND REINVESTMENT ACT 
604(b) WATER QUALITY MANAGEMENT PLANNING PROGRAM 
 
 
 
 
 
2009-05/ARRA 604 South River Bacterial Source Assessment 
Town of Marshfield 
 
Final Report 
June 20, 2011 
 
  
South River Bacterial Source Assessment, Town of Marshfield  Page 1 
2009-05/ARRA 604 
  
Bacterial Source Assessment and Remediation Planning in the South River (South Coastal Basin, Massachusetts Bay Fourth Cliff to Standish 
Shore [HUC 12:  010900020104], Segment MA94-09 
 
 
EXECUTIVE SUMMARY 
The South River (South Coastal Basin, HUC 010900020104, Segment MA94-09) is a National 
Park Service National Natural Landmark and a Class SA Outstanding Resource Water flowing 
primarily through the town of Marshfield on the South Shore of Massachusetts. It has a history 
of being impaired by pathogens, as indicated by results of sampling since 1994 by the North and 
South Rivers Watershed Association (NSRWA). The Town of Marshfield along with the 
NSRWA has a goal to reduce pollution to the South River from stormwater and wastewater, 
which would allow the shellfish beds near the mouth of the river to be opened annually for a 
greater length of time (they are currently conditionally approved in Dec-May), reduce potential 
impacts to swimmers and boaters, and improve the ecological health of the river.  
 
This project used iterative bacterial source tracking to find areas of high bacteria and focus 
sampling in those areas, ideally finding smaller source areas like pipes or tributaries. Iterative 
sampling conducted by the NSRWA during three dry and three wet weather days during Summer 
2010 indicated multiple exceedances of primary contact standards for E. coli and enterococcus 
bacteria in the river, particularly in the reach that flows downtown between Veterans Memorial 
Park and Bourne Park Ave.  
 
These bacterial data were used in combination with desktop Geographic Information System 
(GIS)  analysis and site visits by Comprehensive Environmental Inc. (CEI) to determine the best 
candidate sites for stormwater best management practices (BMPs) based on water quality 
benefits, site characteristics, constructability, maintenance access, and potential for public 
education. Of the eighteen candidate sites located, three were chosen for further design of 
stormwater BMPs – High Point Realty (underground swirl separator, sediment forebays, 
constructed wetland), Road to Responsibility (grass swale, sediment forebay, and constructed 
wetland), and Marshfield Library (filtering bioretention area).  
 
The above-mentioned BMPs (such as the underground swirl separator and sediment forebays) 
will provide substantial TSS removal for sediments originating from approximately 60 acres of 
heavily developed and largely impervious commercial area located in the downtown area of 
Marshfield.  Untreated runoff that currently discharges directly to a tributary of the South River 
will also receive bacteriological treatment and nutrient uptake via the bioretention and 
constructed wetlands, further reducing pollutant loadings to the river.  These BMPs will help to 
reduce bacterial loads to the river and be a step towards reopening the shellfishing beds at the 
mouth of the river annually for a greater part of the year and improving the quality of the South 
River. 
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1.0 INTRODUCTION 
1.1 Project Background 
The South River (South Coastal Basin, HUC 010900020104, Segment MA94-09) is a National 
Park Service National Natural Landmark and a Class SA Outstanding Resource Water. It flows 
primarily through the town of Marshfield (see Map 1, Appendix), although the lower tidal 
reaches are also bordered by an isolated portion of Scituate called Humarock. Upstream of Route 
3A the South River is classified as a Category 2 water according to the 2008 Integrated List of 
Waters, attaining the following uses: aquatic life, primary contact, secondary contact, and 
aesthetics. Downstream of Route 3A, the South River has had chronically high bacteria levels 
and is impaired for pathogens. It is classified as Category 5 and needs a TMDL. The 5-Year 
Watershed Action Plan for the South Coastal Watershed, South and Green Harbor River Chapter 
recommends that “water quality sampling [be conducted] to specify source of pathogens.”  The 
North and South Rivers Watershed Association (NSRWA) has been conducting bacterial 
sampling in the North and South Rivers since 1994 as part of our Riverwatch water quality 
monitoring program. This sampling in addition to the South River Initiative of the late 90’s and 
occasional pilot bacterial source tracking efforts have shown chronic high bacteria in the South 
River, particularly in the upper reaches in downtown Marshfield. 
 
The Town of Marshfield along with the NSRWA has a goal to reduce pollution to the South 
River from stormwater and wastewater. The shellfish beds near the mouth of the river were only 
recently opened in April 2011 for the first time in decades. The beds near the mouth (MB6.1, 313 
acres) are conditionally approved for shellfishing from December 1 – May 30. The shellfish beds 
farther upstream (MB6.2, 163 acres) are prohibited for shellfishing. It is the mutual goal of the 
Town and NSRWA to have these beds continue to be opened annually and extend the season 
during which they are open, reduce any bacterial impacts to swimmers and boaters, as well as 
improve the overall ecological health of the river.  The goal of this particular project was to use 
iterative bacterial source tracking to find areas of high bacteria and focus sampling in those 
areas, ideally finding smaller source areas like pipes or tributaries. These sources could then be 
remediated using stormwater best management practices (BMPs) or passed on to MassDEP as 
potential sources of wastewater contamination. 
 
1.2 Project Partners 
The following organizations have partnered together to implement this project: 
 North and South River Watershed Association (NSRWA) 
 Comprehensive Environmental, Inc. 
 Town of Marshfield 
 
1.3 List of Final Products (by task deliverable) 
The following outlines a list of final product deliverables by product task: 
 
Task 1:  Update QAPP for Sampling and Assessment and Use of Secondary Data 
 MassDEP and EPA approved QAPP 
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 GIS map of sampling locations 
 
Task 2:  Conduct Bacterial Source Tracking 
 Completed water quality sampling as specified in approved QAPP 
 Interim water quality data tables in EXCEL format submitted to Department annually 
 List and map of potential sources 
 
Task 3:  Drainage Area Survey and Feasibility Analysis 
 A technical memorandum including GIS mapping of existing conditions 
 List of candidate locations for BMP retrofits 
 An inventory of retrofit opportunities 
 A summary of residential, commercial, and municipal source control opportunities 
identified in the field 
 
Task 4:  Existing Drainage Area Survey and Feasibility Analysis 
 A summary of prioritized retrofit sites 
 Provide up to three (3) retrofit design concepts (30% design level) with test pit logs and 
preliminary cost estimates 
 
Task 5:  Public Meetings 
 Organize and conduct up to two (2) project meetings and prepare the necessary meeting 
mailings, materials, and meeting minutes 
 Conduct one (1) Public Forum to present the water quality data and conceptual retrofit 
plans to residents and local officials.  Provide the necessary announcements, presentation 
and meeting materials, and list of attendees 
 
Task 6:  Reports 
 Monthly progress reports, monthly invoices including a P.V. Attachment for Reporting 
MBE/WBE Activity, Quarterly progress and fiscal reports 
 Draft and Final Report including final Town approved preliminary design plans 
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2.0 PROJECT APPROACH 
2.1 Bacteria Sampling Approach 
Sampling Plan 
The sampling plan for summer 2010 consisted of 3 wet weather (>0.25 in. rain in 24 hours) and 3 
dry weather (<0.1 in. rain in preceding 72 hours) sampling events. The first sampling round of 
each type was a survey to confirm areas of high bacteria. Sites were based on sites previously 
sampled in the South River Initiative and in a 2008 pilot bacterial source tracking project, and 
were distributed in a way to bracket tributaries and known pipes that could be potential sources. 
The gradient of bacterial quantities upstream and downstream of each initial site was used to 
direct the subsequent rounds of sampling, including locating stormwater outfalls that might be 
potential sources, as well as following increasing bacterial gradients upstream into tributaries of 
the South River (see Map 1, Appendix). This method follows recommendations made within the 
Monitoring Plan of the Draft Pathogen TMDL for the South Coastal Watershed that samples 
should be taken to capture “water quality conditions under varied weather conditions” and to 
establish “sampling locations in an effort to pin-point sources.” 
 
Collected samples were tested for enterococci (the primary contact standard for brackish and salt 
water), E. coli (the primary contact standard for freshwater), and total coliform bacteria. The 
samples were collected and tested by the NSRWA Watershed Ecologist, a trained Project 
Leader, and three trained interns at the Cohasset Center for Student Coastal Research, with 
QA/QC samples tested by a local certified lab (G&L Laboratories in Quincy, MA). Conductivity 
and temperature were measured at each site in the field using a YSI 85 handheld meter.  The 
number of samples collected in each round varied due to iterative site selection and included 
10% field and lab duplication. 
 
Sample Collection Timing 
 
A combination of environmental conditions and logistics influenced when samples were able to 
be taken. First, conditions for preceding precipitation had to be met for dry and wet weather 
sampling. The summer of 2010 was rather dry so wet weather sampling had to be conducted 
whenever the opportunity presented itself. The following are the preceding average precipitation 
amounts for each sampling round conducted, taken from weather stations close to the South 
River, via Wunderground: 
 
Table 1. Preceding precipitation for sampling events 
Dry weather (<0.1 in. rain in preceding 72 hours) 
Date Precipitation in preceding 72 hours 
June 22nd 0.01 inches 
July 6th 0.00 inches 
August 19th 0.04 inches 
Wet weather (>0.25 in. rain in preceding 24 hours, <0.1 in. rain in 48 hours prior to 
storm) 
Date Precipitation in preceding 24 hours/48 hours prior to rainfall 
July 14th 0.26 inches/0.02 inches 
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August 23rd 0.66 inches/0.04 inches 
September 17th 0.44 inches/0.01 inches 
 
The other natural condition that had to be considered was the tides. The South River is an 
estuarine river and is tidal to just above the Willow St. Bridge, so the time and direction of tides 
was a consideration when planning sampling within the main stem and some tributaries. There is 
a delay in the timing of high and low tide (based on the Boston tide station) of approximately 1.5 
hours between the mouth of the South River (which is itself 3 minutes after Boston high and low 
tides) and Willow Street. Sampling was conducted on an outgoing tide so the river basin would 
be draining. This condition was met consistently except at two sites (Willow St. and Keville 
Footbridge) on June 22
nd
 due to a presumption that the tidal delay between Boston and Willow 
St. was 1 hour, not 1.5 hours, and one site (Bourne Park Ave.) on August 23
rd
 due to a nor’easter 
that impacted the draining of the South River. 
 
The order of sample collection was generally intended to be from downstream to upstream, as 
stated in the project QAPP except in extenuating circumstances. Starting downstream and 
moving upstream avoids the potential for re-sampling the same parcel of water. 
 
Field Methods 
A sample of water was collected at each site, with the addition of another sample as a field 
duplicate or professional lab duplicate where designated. Water was collected in 250mL sterile 
polypropylene bottles that were uncapped and dipped in facing against the direction of flow (if 
present). A small amount was poured off the top to eliminate any floating material and the bottle 
was re-capped and placed in a cooler with ice. In addition, conductivity and temperature were 
measured at each site using a YSI 85 hand-held multi-parameter meter and the GPS coordinates 
of each site were recorded. Complete methods can be found in the QAPP in the Attachments, 
Task 1, Appendix. 
 
Laboratory Methods 
After the sampling round was concluded, the professional laboratory duplicates were delivered to 
G&L Labs in Quincy. The remaining samples were brought to the Cohasset Center for Student 
Coastal Research.  10mL of sample from each bottle was diluted with 90mL of sterile water and 
mixed with Enterolert or Colilert reagent, poured into IDEXX Quanti-Trays, sealed, and 
incubated for 18-22 (Colilert) or 24-28 hours (Enterolert).  At sites with duplicates, a split 
sample was taken and processed. Sample trays were read on the next day after the appropriate 
length of incubation and the results were noted on both the tray backing and the laboratory 
notebook. 
 
2.2 Prioritization Approach, leading up to design 
Preliminary Prioritization Efforts 
During preliminary desktop prioritization efforts, CEI utilized existing information to focus field 
review of potential retrofit sites on areas most likely to provide a substantial reduction in 
pollutant loads.  These areas were based on a number of factors such as impervious area, 
proximity to the river, development, ownership issues, etc.  The following is a list of data that 
was used to create a base map for prioritization purposes: 
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Table 2 – Preliminary Data Used 
 
Data Layer 
 
Source 
 
Available Area 
Parcel boundaries MassGIS Whole Study Area 
Town owned parcels Town of Marshfield Whole Study Area 
Urbanized Area MassGIS Whole Study Area 
Topography MassGIS Whole Study Area 
Hydrography MassGIS, Town of Marshfield Whole Study Area 
Soils USDA-NRCS Whole Study Area 
Watershed Boundaries MassGIS Whole Study Area 
Land Use MassGIS Whole Study Area 
Impervious Surfaces MassGIS Whole Study Area 
Roads MassGIS Whole Study Area 
Wellhead Protection Areas MassGIS Whole Study Area 
Outfalls Town of Marshfield Downtown Only 
Catch Basins, Manholes, and Pipes Town of Marshfield Downtown Only 
Sewers (trunk lines) Town of Marshfield Downtown Only 
Easements Town of Marshfield Downtown Only 
 
Field Efforts 
Based on the above information, the prioritization for field inspections ultimately focused on 
areas in the downtown area in the vicinity of town-owned land.  During field inspections, CEI 
identified 18 sites that had an opportunity to provide moderate to substantial pollutant load 
reductions.  The bulk of sites are located in and around the downtown area, a largely impervious 
area that drains to the South River. 
 
While onsite, CEI performed a preliminary assessment of each area, including the site location, 
approximate drainage area, surrounding land use, impervious area, available land, construction 
constraints, etc.  These items were incorporated into the final site prioritization.  Upon 
identifying the highest ranking sites, CEI performed a follow-up field inspection to further refine 
conceptual BMP design. 
 
Prioritization 
The 18 sites identified as part of CEI’s field efforts were scored out of a possible 100 points 
based on a number of components, including: 
 Water Quality Benefits (40 points); 
 Site Characteristics (30 points); 
 Constructability (20 points); 
 Maintenance Access (5 points); and 
 Public Education (5 points). 
 
A detailed description of the scoring methodology is shown in Table 3, Appendix. 
 
2.3 Design Approach 
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The 18 sites were then examined for possible BMP construction.  BMPs were chosen for the 
project using the Massachusetts Stormwater Handbook and focused on achieving the maximum 
water quality benefit possible.  Conceptual plans utilized the stormwater handbook sizing criteria 
(area, volume, etc.) and design recommendations wherever possible.  Due to the high 
groundwater present throughout the project area, it is unlikely that a dedicated groundwater 
recharge BMP could be installed.  BMPs instead focused on filtering and removing Total 
Suspended Solids (TSS) and providing biological uptake of nutrients. 
 
Site design posed a number of challenges, including: 
 Ownership 
 Available space 
 Regulated resource areas 
 Anticipated high groundwater 
 Cost 
 
The final prioritization and design had to address each issue in order to provide a BMP that 
provides the maximum water quality improvements while meeting each of the above challenges. 
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3.0 PROJECT RESULTS 
3.1 Sampling Results 
Data Quality 
Bacterial samples duplicated in the field, lab, and professional lab were subject to a standard of 
<30% relative perceived difference between duplicates. Out of 108 comparisons made, 10 were 
in violation of this standard. A complete table of comparisons and potential reasons for 
violations is available in Table 4, Appendix.  In addition to data that have been flagged due to 
violating the <30% RPD QA standard, data collected from sites during an incoming or slack tide 
(see Sample Collection Timing. Section 2.1) and data that are suspect for other reasons (typically 
for very low results with one type of bacteria and very high for another type) have also been 
flagged and excluded from analysis. 
 
Bacterial Sampling Results 
 
Raw data tables can be found in Table 5 (bacterial data) and Table 6 (conductivity and 
temperature), Appendix. 
 
In general, bacterial counts were more likely to be above the primary contact standard than 
below it, particularly in the stretch of the South River from Veterans Memorial Park to Bourne 
Park Ave (see Maps 5-8, Appendix). Of all the samples collected, on average, the enterococcus 
primary contact limit (104 cfu/100mL or MPN/100mL for a single sample) was exceeded for 
72.7% of samples in dry weather and 93.2% in wet weather. The primary contact limit of 35 
cfu/100mL or MPN/100mL of the five most recent enterococcus samples is only applicable to 
two sites that were sampled with that frequency (Veterans Memorial Park and Keville 
Footbridge), but both sites were above that standard (VMP – 777 MPN/100mL, Keville – 1637 
MPN/100mL). The E. coli primary contact limit (235 cfu/100mL or MPN/100mL for a single 
sample) was exceeded for 45.3% samples in dry weather and 72.6% in wet weather. There is not 
a total coliform standard for primary contact. 
 
Of the sites that had higher bacterial counts, some only showed high counts during wet weather, 
while others had high counts in both dry and wet weather. The latter could be indicative of 
wastewater or wildlife contributions in addition to stormwater runoff. For example, the Old Plain 
St. site, which is on Furnace Brook, a tributary to the upper reaches of the South River, has high 
enterococcus (4360 MPN/100mL) and total coliform (1274 MPN/100mL) in dry weather, 
although wet weather counts (8946 MPN/100mL enterococcus, 2006 MPN/100mL E. coli, 8163 
MPN/100mL total coliform; geomeans) are still higher. The other area that may be receiving 
wastewater as well as stormwater is the South River around Willow St. and the Cranberry House. 
This area was sampled by MassDEP SERO at the end of August and submitted to the MassDEP 
William X. Wall Experiment Station (WES) for human markers analysis (results found in Table 
7, Appendix). There was no evidence of human sewage at Willow Street as indicated by the 
absence of the enterococcus esp gene. Results were inconclusive at Cranberry House due to the 
presence of PCR inhibitors (tannins) that prevented the DNA from being analyzed properly. 
 
The remaining sites of interest had notably higher bacterial counts during wet weather, and were 
generally in the downtown area, where there is likely more stormwater runoff due to higher 
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impervious surface coverage.  It was observed during this study and others conducted by 
NSRWA that tidal sites with high bacteria also generally tend to have dampened or reduced 
flushing compared to sites closer to the river mouth (see Maps, Appendix.)  Within the 
stormwater system, counts were high at the Stratton Ave. catchbasin and the Willow St. pipe, 
which receives runoff from Route 139 (parallel to the South River) and the Stratton Ave. parking 
area, as well as a tributary that comes off a steeply graded hill (Tea Rock Lane.) Bacterial counts 
were also high in wet weather in the Library catchbasin/Dairy Queen stream complex, which 
receives runoff from a very large area of downtown including a large shopping complex to the 
west. The final site with high stormwater bacteria was the Bourne Park Ave. pipe, which was 
only sampled once during the 0.66 in rain on August 23
rd
, as it was dry during the 0.44in rain on 
September 17
th
. 
As a result of the high bacteria counts in the tributary along Tea Rock Lane, a review of the 
current land use was completed to identify potential bacteria sources.  A GIS map of the drainage 
area was created, and high resolution aerial photographs were downloaded from MassGIS and 
Pictometry to evaluate land uses in the area.  While reviewing the aerial photographs, a horse 
farm was noted at the end of Bakers Lane, southwest of the stream. The farm includes a 
barn/stable, paddock area, pastures and a training area for jumping.  This property is located on 
the edge of the drainage area with significant buffer between it and the stream channel but should 
receive follow-up investigation to confirm property management practices are preventing 
environmental impacts.  A second property of concern is located at 1 Acorn Lane. The house 
located on this property is immediately adjacent to the stream and wetland area near the location 
where the water sample was collected. This area is not on sewer and a failing septic could be a 
source of bacteria. Also noted from the aerial photographs was a small out building that appeared 
to have a paddock area with animals. This area should receive additional follow-up investigation 
to survey the property management practices. 
 
Other properties in close proximity to the South River or its tributaries could be sources of 
bacteria due to failing septic systems or pet waste.  Interviews with homeowners should be 
conducted to review septic maintenance schedules and whether proper pet waste disposal 
techniques are being used by the homeowners. 
 
A final bacteria source could be wildlife living in and around the wetland areas. Warm-blooded 
animals such as beaver and muskrat can create a significant source of bacteria in a 
stream/wetland area.  An inventory of wildlife living near the stream may be helpful to identify 
“natural” sources of bacteria. 
 
 
3.2 Prioritization Results 
Scoring results of all 18 sites is shown in Table 8. Appendix.  Of the 18 sites identified as 
candidates for retrofit, the top 3 were chosen to further redesign.  Top sites are as follows: 
 
Table 9 – Top 3 Priority Sites 
Priority 
Site 
 
Site Name 
Total Score 
(possible 100 points) 
 
Proposed BMP 
1 High Point 84 Underground swirl separator, sediment 
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Realty forebays, and constructed wetland 
2 Road to 
Responsibility 
82 Grass swale, sediment forebay, and 
constructed wetland 
3 Marshfield 
Library 
82 Filtering bioretention area 
 
Conceptual design of the top 3 priority sites is discussed in the following section. 
 
3.3 Design Results 
Site Design 
Each of the above sites incorporated Low Impact Development principles and was carried to a 
30% conceptual design.  Approximate area and volume sizing of each BMP was also determined.  
Finally, an approximate cost estimate was developed for the top 3 priority sites.  The following 
sections outline the sites chosen for each design, the proposed BMP and the estimated pollutant 
removal. 
 
Priority Site 1 – High Point Realty 
The High Point Realty site is located adjacent to the Marshfield library parcel, behind a Dairy 
Queen restaurant.  The parcel receives runoff from a 30-inch outfall and two 12-inch outfalls.  
These outfalls contribute stormwater runoff from approximately 55 acres of largely impervious 
downtown area (approximately 85% impervious), of which approximately 10 acres currently 
receives some stormwater treatment in the form of two underground Vortechnics swirl separator 
units.  Runoff currently flows untreated (with the exception of limited treatment provided by the 
Vortechnics units) to a stormwater flow channel before flowing to a small tributary to the South 
River. 
 
The following BMPs will be constructed at this location: 
 Underground swirl separator, STC 4800 Stormceptor 
 Large sediment forebay 
 Small sediment forebay 
 Constructed wetland 
 
An STC 4800 Stormceptor unit will be installed along the existing 36-inch outfall pipe near the 
rear entrance to the Dairy Queen, just up from the proposed large sediment forebay.  This unit 
was sized according to the Stormceptor PCSWMM software for a soil gradation of OK-110 
sandy material, typically encountered by a pretreatment device.  Based on the watershed size of 
36.4 acres, this unit will provide TSS removal of 60% before outletting into the large sediment 
forebay.  Maintenance access will be provided via an access manhole brought to existing grade. 
 
The large sediment forebay will provide limited TSS removal of runoff from one 36-inch pipe 
and one 12-inch pipe discharging behind a dumpster at the Dairy Queen.  Prior to entering the 
forebay, flow from both pipes will pass through underground separators, the STC 4800 
mentioned previously, and two underground Vortechnics units installed during a previous project 
involving the redevelopment of a Town-owned parking lot.  A smaller sediment forebay is also 
provided to capture sediment from a second 12-inch outfall pipe.  This pipe receives runoff from 
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a small portion of the library parking lot and overflow from the bioretention area installed at 
Priority Site 3. 
 
Finally, runoff will pass through a constructed wetland area designed to reduce stormwater 
velocities and provide biological treatment before flowing into the existing stream channel.  It is 
estimated that the two sediment forebays and constructed wetland will provide approximately 
22% TSS removal to the incoming stormwater when taking into consideration the relatively 
“clean” water that has passed through the underground separators.  Note that a sediment forebay 
alone is estimated to provide approximately 25% TSS removal when used as a pretreatment 
device.  Coupled with the proposed Stormceptor unit and existing Vortechnics units, it is 
estimated that this combination of BMPs will provide approximately 80% TSS removal for the 
entire watershed, or approximately 55 acres.  This is a substantial improvement over existing 
conditions. 
 
Note that TSS removals are approximate, due to the number of assumptions required.  For 
example, the sediment forebay receives runoff from two outfalls, one of which has two 
underground swirl separators of unknown size, design, and efficiency to provide treatment to a 
portion of a large drainage area.  The intent is to provide the largest removal possible while 
minimizing environmental impacts and excess costs associated with installation of a large 
underground proprietary unit.  The Massachusetts Stormwater Handbook states that there is 
insufficient data to determine total pathogen removal efficiencies for proprietary separators, 
sediment forebays, and constructed wetlands, however proposed BMPs are expected to provide 
some bacterial removal and improve downstream water quality.   
Priority Site 2 – Road to Responsibility 
The Road to Responsibility site is located within an existing 20-foot wide drainage easement 
recently acquired by the Town.  This area intercepts an existing 12-inch pipe which collects 
runoff via a series of catch basins from approximately 3.8 acres (2.0 acres of impervious) of 
downtown roadway and parking lots.  Runoff currently discharges untreated to an off-site 
wetland area located to the northeast. 
 
The following BMPs will be constructed at this location: 
 Grass swale 
 Sediment forebay 
 Constructed wetland 
 
An area within the drainage easement will be excavated and regraded to create a sediment 
forebay and constructed wetland.  The existing 12-inch outfall pipe will be cut and a headwall 
installed to allow the stormwater to daylight into a sediment forebay for pretreatment.  
Stormwater will then overflow into a constructed wetland where it will receive additional 
treatment.  The constructed wetland will consist of an 18-inch vegetation support material layer, 
underlain by an 18-inch hydric soil layer to establish salt and drought tolerant, native plants for 
biological nutrient uptake.  Small storms will filter through the bottom of the constructed 
wetland and provide some groundwater recharge, particularly during dry months.  In the event of 
a large storm, an existing drainage manhole located within the easement will be converted into 
an outlet structure to allow stormwater to outlet off-site similar to existing conditions. 
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Although the majority of runoff is collected in catch basins, a small portion sheet flows off of an 
access road into an undeveloped area.  A grass swale will be installed along the edge of 
pavement to collect this runoff and convey it to a sediment forebay to provide additional 
treatment and sediment removal.  Stormwater will flow over riprap protected areas strategically 
placed at existing low points in the parking area.  Checkdams and small retention pools will be 
installed within the grass channel to slow the flow of stormwater and provide additional 
treatment and infiltration prior to discharge into the forebay and constructed wetland. 
 
The combined sediment forebay and constructed wetland have been sized at approximately 
122% of the desired area and 70% of the desired storage volume based on the Massachusetts 
Stormwater Handbook design guidelines.  Based on current design, it is estimated that a 
minimum of 77% TSS removal will occur.  This is a substantial improvement over existing 
conditions and does not include treatment provided by the grass swale and supplementary BMPs. 
 
Although some groundwater recharge may take place, this BMP is not expected to provide 
substantial recharge due to the close proximity to existing wetlands and accompanying high 
groundwater.  Regardless, this BMP will provide opportunities for recharge in excess of existing 
conditions.  The Massachusetts Stormwater Handbook states that there is insufficient data to 
determine total pathogen removal efficiencies for grassed swales, sediment forebays, and 
constructed wetlands, however proposed BMPs are expected to provide some bacterial removal 
and improve downstream water quality.   
 
Priority Site 3 – Marshfield Library 
The Marshfield Library site is located in a grassed area in front of the library occupied by the 
former library septic system.  This area intercepts an existing 12-inch pipe which collects runoff 
via one or more catch basins from approximately 1.1 acres (0.8 acres of impervious) of 
downtown roadway and parking lots.  Runoff currently discharges untreated to a stormwater 
flow channel and wetland complex located south of the site on the High Point Realty parcel. 
 
The following BMP will be constructed at this location: 
 Filtering bioretention area 
 
Approximately half of the vegetated area in front of the Marshfield Library will be excavated 
and regraded to form a depressed filtering bioretention area.  An adjacent catch basin will be 
plugged and a nearby curb cut created to channel stormwater runoff into the bioretention area.  
The bioretention area will consist of an 18-inch soil filter layer to establish salt and drought 
tolerant, native plants for biological nutrient uptake.  The area will also be lined with an 
impermeable membrane and underdrain set in a gravel bed to collect filtered water for discharge 
offsite.  A new 12-inch overflow structure will be installed to intercept the existing 12-inch line 
to accommodate overflow in the event of large storms.  Overflow will discharge via the existing 
outfall pipe into the newly installed sediment forebay installed as part of BMP improvements at 
the High Point Realty site. 
 
The bioretention area has been sized at approximately 75% of the desired area and 140% of the 
desired storage volume based on the Massachusetts Stormwater Handbook design guidelines.  
Based on current design, it is estimated that this BMP will provide approximately 80% TSS 
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removal. Depending on the invert elevations at the adjacent catch basin and total system 
interconnectivity, it is possible that a larger area may be routed through the bioretention area to 
provide additional treatment. 
 
This BMP is currently a filtering bioretention area, however pending future soils investigations, 
it is possible that it could be converted to an infiltrating raingarden to provide groundwater 
recharge.  The Massachusetts Stormwater Handbook states that there is insufficient data to 
determine total pathogen removal efficiencies for bioretention areas, however this BMP is 
expected to provide some bacterial removal and improve downstream water quality.   
 
Cost Estimate 
A detailed cost breakdown is provided in Table 10, Appendix, while Table 11 below provides a 
cost summary: 
 
Table 11 – Cost Estimate Summary 
Priority 
Site 
 
Site Name 
 
Proposed BMP 
 
Estimated Cost 
1 High Point Realty Underground swirl separator, 
sediment forebays, and constructed 
wetland 
$75,000 
2 Road to Responsibility 
 
Grass swale, sediment forebay, and 
constructed wetland 
$48,000 
3 Marshfield Library 
 
Filtering bioretention area $32,000 
 
It should be noted that the project does not increase impervious area in any way, however will 
provide limited stormwater treatment to areas along the South River that currently receive no 
treatment. 
 
Soil Test Pits and Borings 
Two soil test pits were performed on August 14, 2009 as part of the Kids at Play playground 
expansion, located roughly in the center of the three proposed BMP locations.  Test pits were 
excavated to a depth of 8 feet and did not show refusal or standing water.  Soils were generally 
sandy fill overlain with coarse gravel sand, consistent with soil material found throughout the 
downtown area.  Soil borings performed as part of the downtown sewer project were also 
reviewed and provided similar results.  Soils are generally sandy with refusal occurring at depths 
greater than 9 feet below grade.  These test pits are expected to be a good representation of all 
three BMP locations, particularly site 3.  Soils in close proximity to BMPs at sites 1 and 2 are 
expected to be of similar composition, however with a higher water table due to the close 
proximity to wetlands.  Test pit information is provided in the attached appendices.  
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4.0 CONCLUSIONS / SUMMARY 
As a result of bacteria sampling and prioritization efforts, the following top three sites are 
recommended for the construction of a stormwater BMP: 
 
Table 12 – Recommended Implementation Sites 
Priority 
Site 
 
Site Name 
 
Proposed BMP 
1 High Point Realty Underground swirl separator, sediment forebays, and 
constructed wetland 
2 Road to Responsibility Grass swale, sediment forebay, and constructed 
wetland 
3 Marshfield Library Filtering bioretention area 
 
 
The above-mentioned BMPs will provide substantial TSS removal from the underground swirl 
separator and sediment forebays to approximately 60 acres of heavily developed and largely 
impervious commercial area located in the downtown area of Marshfield.  Runoff that currently 
discharges untreated directly to a tributary of the South River will also receive bacteriological 
treatment and nutrient uptake via the bioretention and constructed wetlands, further reducing 
pollutant loadings to the river.  Although the Massachusetts Stormwater Handbook does not 
provide pathogen removal efficiencies for any of the BMPs proposed for this project, BMPs are 
expected to provide some bacterial removal and improve downstream water quality.  These 
BMPs will help to reduce bacterial loads to the river and be a step towards reopening the 
shellfishing beds at the mouth of the river. 
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6.0 APPENDICES 
Tables 
 Table 3 – Scoring Methodology 
 Table 4 – Bacteria %RPD Violations and QA/QC 
 Table 5 – Bacteria Raw Data 
 Table 6 – Conductivity and Temperate Raw Data  
 Table 7 – Human Marker Testing Results 
 Table 8 – Site Prioritization and Scoring Results 
 Table 10 – Cost Estimate Tables 
 
Maps 
 Map 1 – Overview Map of Sampling Locations 
 Map 2 – Downtown Sampling Locations 
 Map 3 – Mid-river Sampling Locations 
 Map 4 – Downstream Sampling Locations 
 Map 5 – Downtown Enterococcus Results 
 Map 6 – Downtown E. coli Results 
 Map 7 – Downtown Total Coliform Results 
 Map 8 – Mid-river Enterococcus Results 
 Map 9 – Mid-river E. coli Results 
 Map 10 – Mid-river Total Coliform Results 
 Map 11 – Downstream Enterococcus Results 
 Map 12 – Downstream E. coli Results 
 Map 13 – Downstream Total Coliform Results 
 Map 14 –  Map of Existing Conditions – Land Use Characteristics 
 Map 15 –  Map of Existing Conditions – Soil/Topographic Characteristics 
 Map 16 –  Map of Existing Conditions – Study Area Aerial Photograph 
 
Attachments 
 Task 1 – Project QAPP 
 Task 2 – Bacterial Sampling Datasheet Example 
 Task 3 – GIS Memorandum 
 Task 4 – Conceptual Site Plans 
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 Task 5 – Meeting Agendas, Minutes, Presentation, and Handouts 
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Table 3. Scoring Methodology 
 
 
 
4.0 MAINTENANCE 5.0 PUBLIC ED
(5 Points) (5 Points)
SCORING 
DESCRIPTION
Impervious Area 
Treated
Total Area 
Treated
Water Quality 
Volume Treated
Type of Pollutant 
Treated Location
Current 
Treatment High Traffic Area
Cost of 
Construction Area Required Available Land
Groundwater and 
Soil Constraints Maintenance Access
Public Visibility and 
Awareness
High Scoring 
Description
Greater than 1 
Acre Treated
Greater than 5 
Acres Treated
1" or More 
Treated (Entire 
WQV or More)
Nutrients, 
Bacteria, 
Turbidity and 
Others
Adjacent or Direct 
Discharge to 
River
No Current 
Treatment
High Traffic Area 
(e.g. Downtown 
or Main 
Roadway)
Highly Cost 
Effective
Minimal Area 
Required (<0.25 
acres)
Plentiful Land, not 
Actively Utilized
Deep 
Groundwater 
Anticipated
Easy to Access (Public 
Land)
High Visibility (e.g. 
Highly Visible or 
Downtown)
   High Point Value 10 points 10 points 10 points 10 points 10 points 10 points 10 points 5 points 5 points 5 points 5 points 5 points 5 points
Moderate Scoring 
Description
0.25 to 1 Acre 
Treated
1 to 5 Acres 
Treated
0.5" to 1" Treated 
(First Flush to 
WQV)
Bacteria, 
Turbidity and 
Other Pollutants 
Adjacent or Direct 
Discharge to 
Tributary
unused
Moderate Traffic 
Area (e.g. 
secondary road, 
seldom used 
parking lot)
Moderately Cost 
Effective
Medium Area 
Required (0.25 - 
0.5 acre)
Somewhat 
Available Land
Moderate Depth 
to Groundwater 
Anticipated
Moderately Accessible 
(Public and Private Land)
Medium Visibility (e.g. 
Somewhat Visible)
   Mid Point Value 6 points 6 points 6 points 6 points 6 points 6 points 6 points 3 points 3 points 3 points 3 points 3 points 3 points
Low Scoring 
Description
Less than 0.25 
Acres Treated
Less than 1 Acre 
Treated
Less than 0.5" 
Treated (Less 
than First Flush)
Turbidity and 
Other Pollutants 
Only
Upland from River 
and Tributaries
Some Current 
Treatment
Low Traffic Area 
(e.g. Wooded or 
Low Use Road)
Minimally Cost 
Effective
Large Area 
Required (>0.5 
acre)
Currently Utilized 
Land
Shallow Depth to 
Groundwater 
Anticipated
Difficult to Access 
(Private Land)
Low Visibility (e.g. Under-
ground or Low Traffic 
Area)
   Low Point Value 3 points 3 points 3 points 3 points 3 points 3 points 3 points 1 point 1 point 1 point 1 point 1 point 1 point
10 10 10 10 10 10 10 5 5 5 5 5 5
(20 Points)
< - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 100 Possible Points - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >
SCORING 
CATEGORY
Total Score
1.0 WATER QUALITY BENEFITS
(40 Points)
2.0 SITE CHARACTERISTICS 3.0 CONSTRUCTABILITY
(30 points)
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Table 4.  Bacteria %RPD Violations and QA/QC 
 
In calculating the % RPD, samples below detectable limits (MPN < 10) were given an MPN of 9. The 
following are the duplicates that violated the quality standard and potential reasons why. 
 
Site Date Dupe 
Type 
Bacteria Sample 
1 
Sample 
2 
%RPD Reason 
Bourne 
Park Ave. 
7/6/10 Field Entero 20 <10 30.75 One sample below 
detectable limits, low 
numbers 
Central 
Ave. 
7/6/10 Lab TC 20 <10 30.75 One sample below 
detectable limits, low 
numbers 
Julian St. 7/14/10 CertLab Entero 488 90 31.63 Poor growth in professional 
lab due to high salinity? 
Julian St. 7/14/10 CertLab TC 3609 80 60.59 Poor growth in professional 
lab due to high salinity? 
Sea St. 7/14/10 CertLab E. coli 10 64 57.46 Low numbers 
Sea St.  7/14/10 CertLab TC 1850 100 48.12 Poor growth in professional 
lab due to high salinity? 
Anderson 
Dr. 
8/23/10 Lab Entero 1722 231 31.16 Laboratory error 
Veterans 
Memorial 
Park 
8/23/10 CertLab E. coli <10 4600 117.33 Laboratory error (CSCR) 
Veterans 
Memorial 
Park 
8/23/10 CertLab TC <10 38000 131.03 Laboratory error (CSCR) 
Bourne 
Park Ave. 
9/17/10 CertLab TC 1187 160 32.98 Poor growth in professional 
lab due to high salinity? 
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All Bacterial QA/QC (%RPD) 
 
Site Date 
MPN 
Entero 
MPN 
Ecoli 
MPN 
TotalColi 
RPD 
Entero 
RPD 
Ecoli 
RPD 
TotalColi 
Keville Footbridge 6/22/2010 772 295 7915 15.17 5.29 8.21 
Keville Footbridge (G&L) 6/22/2010 2300 220 3900       
Anderson Dr. 6/22/2010 364 345 7215 10.06 1.19 9.21 
Anderson Dr. (G&L) 6/22/2010 680 370 3300       
Chandler Dr. L1 6/22/2010 266 717 7556 12.10 5.51 0.52 
Chandler Dr. L2 6/22/2010 546 504 7215       
Bourne Park F1 6/22/2010 
134 Not 
done 
Not 
done 9.48     
Bourne Park F2 6/22/2010 86 146 1497       
Field St. L1 6/22/2010 120 109 1301 14.43 8.30 1.29 
Field St. L2 6/22/2010 63 75 1187       
Rexhame F1 6/22/2010 63 98 763 18.72 14.85 2.59 
Rexhame F2 6/22/2010 31 52 644       
Ocean St. Culvert 7/6/2010 1145 637 857 6.60 1.19 19.86 
Ocean St. Culvert (G&L) 7/6/2010 730 590 3800       
Bourne Park Ave F1 7/6/2010 20 74 275 30.75 22.49 1.24 
Bourne Park Ave F2 7/6/2010 <10 31 295       
Weston Farm Path L1 7/6/2010 588 <10 <10 1.10 0.00 0.00 
Weston Farm Path L2 7/6/2010 631 <10 <10       
Howes Brook Rd. F1 7/6/2010 
Not 
done 
75 845 
  15.89 5.16 
Howes Brook Rd. F2 7/6/2010 862 158 602       
Shearwater Creek L1 7/6/2010 830 374 1658 1.76 4.09 1.02 
Shearwater Creek L2 7/6/2010 738 479 1789       
Shearwater Creek (G&L) 7/6/2010 490 420 1100 8.16 1.94 5.69 
Central Ave. L1 7/6/2010 <10 <10 20 0.00 0.00 30.75 
Central Ave. L2 7/6/2010 <10 <10 <10       
Veterans Memorial Park F1 14-Jul 1785 432 5247 1.92 4.91 0.79 
Veterans Memorial Park F2 14-Jul 2064 323 4907       
Keville Footbridge L1 14-Jul 3968 959 5335 1.69 4.29 7.18 
Keville Footbridge L2 14-Jul 4569 1296 10112       
Bourne Park Ave. (river)  L1 14-Jul 1789 448 10112 14.19 5.78 7.18 
Bourne Park Ave. (river) L2 14-Jul 663 318 5335       
Rexhame F1 14-Jul 697 63 5247 0.87 4.12 0.56 
Rexhame F2 14-Jul 738 75 5504       
Julian St. Bridge 14-Jul 488 20 3609 31.63 20.74 60.59 
Julian St. Bridge (G&L) 14-Jul 90 40 80       
Sea St. Bridge 14-Jul 108 10 1850 6.06 57.46 48.12 
Sea St. Bridge (G&L) 14-Jul 82 64 100       
Ocean St. Culvert L1 19-Aug 520 354 2185 5.22 6.62 0.72 
Ocean St. Culvert L2 19-Aug 727 529 2310       
Willow St. Bridge F1 19-Aug 1670 410 1852 6.04 7.38 0.00 
Willow St. Bridge F2 19-Aug 1081 650 1852       
Willow St. Pipe L1 19-Aug 1076 305 1691 4.79 1.01 1.81 
Willow St Pipe L2 19-Aug 776 288 1937       
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Rt. 139 19-Aug 645 63 1730 28.26 1.18 29.12 
Rt. 139 (G&L) 19-Aug 130 60 260       
Tea Rock F1 19-Aug 910 480 1615 1.13 1.29 0.31 
Tea Rock F2 19-Aug 983 520 1578       
Dairy Queen 19-Aug 20 146 1559 12.68 0.85 19.20 
Dairy Queen (G&L) 19-Aug 30 140 430       
Chandler Pond F1 23-Aug 441 148 5247 3.87 0.00 1.58 
Chandler Pond F2 23-Aug 350 148 6015       
Dairy Queen 23-Aug 860 6910 9606 28.73 7.00 2.44 
Dairy Queen (G&L) 23-Aug 8300 3800 7700       
Rand Handy F1 23-Aug 10112 <10 <10 0.00 0.00 0.00 
Rand Handy F2 23-Aug 10112 <10 <10       
Anderson Dr. River L1 23-Aug 1722 6910 6653 31.16 25.56 4.09 
Anderson Dr. River L2 23-Aug 231 932 9606       
Ocean St. L1 23-Aug 7215 2723 10112 3.12 6.34 0.00 
Ocean St. L2 23-Aug 5493 4569 10112       
Veterans Memorial Park 23-Aug 10112 <10 <10 3.15 117.33 131.03 
Veterans Memorial Park 
(G&L) 23-Aug 7600 4600 38000       
Stratton Ave catchbasin 17-Sep 6015 2098 10112 3.22 1.19 3.47 
Stratton Ave catchbasin 
(G&L) 17-Sep 8000 2300 14000       
Bourne Park Ave. (river) 17-Sep 41 52 1187 16.51 3.56 32.98 
Bourne Park Ave. 
(river)(G&L) 17-Sep 80 60 160       
Anderson Drive L1 17-Sep 537 253 6586 4.06 4.32 2.07 
Anderson Drive L2 17-Sep 697 323 7915       
Cranberry House L1 17-Sep 2187 1860 8704 5.72 2.69 1.64 
Cranberry House L2 17-Sep 3441 2283 10112       
Veterans Memorial Park F1 17-Sep 2851 275 2851 1.15 3.15 6.85 
Veterans Memorial Park F2 17-Sep 2603 231 5012       
Chandler Pond F1 17-Sep 309 30 1860 2.92 14.47 1.76 
Chandler Pond F2 17-Sep 262 51 1631       
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Table 5. Bacteria Raw Data 
 
Bacterial sampling data are in MPN/100mL, except duplicates from G&L laboratories in cfu/100mL. 
Bold data are over the single sample primary contact limits of 104 cfu or MPN/100mL for enterococcus, 
235 cfu or MPN/100mL for E. coli, and 1000 cfu or MPN/100mL for total coliform.  Data with asterisks 
are flagged for the following reasons: *Flagged for >30%RPD; **Flagged for sample collected on slack 
or incoming tide; ***Flagged for being suspect (best professional judgment). W/D column indicates wet 
or dry sampling round. 
 
Site Date W/D MPNEntero MPNEcoli MPNTotalColi 
Veterans Memorial Park 6/22/2010 D 323 52 3690 
Willow St. Bridge 6/22/2010 D Not done 457** 4360** 
Keville Footbridge 6/22/2010 D 772** 295** 7915** 
Keville Footbridge (G&L) 6/22/2010 D 2300** 220** 3900** 
Anderson Dr. 6/22/2010 D 364 345 7215 
Anderson Dr. (G&L) 6/22/2010 D 680 370 3300 
Chandler Dr. L1 6/22/2010 D 266 717 7556 
Chandler Dr. L2 6/22/2010 D 546 504 7215 
Bourne Park Ave. (river) F1 6/22/2010 D 134 Not done Not done 
Bourne Park Ave. (river) F2 6/22/2010 D 86 146 1497 
Field St. L1 6/22/2010 D 120 109 1301 
Field St. L2 6/22/2010 D 63 75 1187 
Rexhame F1 6/22/2010 D 63 98 763 
Rexhame F2 6/22/2010 D 31 52 644 
Julian St. Bridge 6/22/2010 D 20 10 480 
Sea St. Bridge 6/22/2010 D 852 52 414 
Central Ave. 6/22/2010 D 462 20 108 
Veterans Memorial Park 7/6/2010 D 474 84 368 
Tea Rock Lane 7/6/2010 D 2064 471 594 
Willow St. Pipe 7/6/2010 D 529 275 857 
SR St. and Willow St. 7/6/2010 D 10 213 556 
Keville Footbridge 7/6/2010 D 813 631 2405 
Weston Farm Path L1 7/6/2010 D 588 <10*** <10*** 
Weston Farm Path L2 7/6/2010 D 631 <10*** <10*** 
Ocean St. Culvert 7/6/2010 D 1145 637 857 
Ocean St. Culvert (G&L) 7/6/2010 D 730 590 3800 
Howes Brook Rd. F1 7/6/2010 D Not done 75 845 
Howes Brook Rd. F2 7/6/2010 D 862 158 602 
Shearwater Creek (G&L) 7/6/2010 D 490 420 1100 
Shearwater Creek L1 7/6/2010 D 830 374 1658 
Shearwater Creek L2 7/6/2010 D 738 479 1789 
Liberty Rd. Creek 7/6/2010 D 121 345 767 
Bourne Park Ave. (river) F1 7/6/2010 D 20* 74 275 
Bourne Park Ave. (river) F2 7/6/2010 D <10* 31 295 
Marshfield Yacht Club 7/6/2010 D <10 10 41 
Neptune Rd. 7/6/2010 D 160 31 2924 
SR Yacht Club Pipe 7/6/2010 D <10 <10 30 
Central Ave. L1 7/6/2010 D <10 <10 20* 
Central Ave. L2 7/6/2010 D <10 <10 <10* 
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Veterans Memorial Park F1 14-Jul W 1785 432 5247 
Veterans Memorial Park F2 14-Jul W 2064 323 4907 
Willow St. Bridge 14-Jul W 2851 2282 6901 
Keville Footbridge L1 14-Jul W 3968 959 5335 
Keville Footbridge L2 14-Jul W 4569 1296 10112 
Anderson Dr. 14-Jul W 3968 404 10112 
Chandler Dr. 14-Jul W 2995 556 10112 
Bourne Park Ave. (river) L1 14-Jul W 1789 448 10112 
Bourne Park Ave. (river) L2 14-Jul W 663 318 5335 
Field St. 14-Jul W 1467 98 5335 
Rexhame F1 14-Jul W 697 63 5247 
Rexhame F2 14-Jul W 738 75 5504 
Julian St. Bridge 14-Jul W 488* 20 3609* 
Julian St. Bridge (G&L) 14-Jul W 90* 40 80* 
Sea St. Bridge 14-Jul W 108 10* 1850* 
Sea St. Bridge (G&L) 14-Jul W 82 64* 100* 
Central Ave. 14-Jul W 187 86 1414 
Chandler Pond 19-Aug D 41 10 2260 
Rt. 139 19-Aug D 645 63 1730 
Rt. 139 (G&L) 19-Aug D 130 60 260 
Old Plain St. 19-Aug D 4360 52 1274 
Veterans Memorial Park 19-Aug D 355 63 1182 
Tea Rock Lane F1 19-Aug D 910 480 1615 
Tea Rock Lane F2 19-Aug D 983 520 1578 
Willow St. Pipe L1 19-Aug D 1076 305 1691 
Willow St. Pipe L2 19-Aug D 776 288 1937 
Willow St. Bridge F1 19-Aug D 1670 410 1852 
Willow St. Bridge F2 19-Aug D 1081 650 1852 
Cranberry House 19-Aug D 2595 408 2211 
Keville Footbridge 19-Aug D 717 583 1730 
Dairy Queen 19-Aug D 20 146 1559 
Dairy Queen (G&L) 19-Aug D 30 140 430 
Rand Handy 19-Aug D 1334 379 1937 
Ocean St. Culvert L1 19-Aug D 520 354 2185 
Ocean St. Culvert L2 19-Aug D 727 529 2310 
Anderson Dr. 19-Aug D 350 487 1894 
Bourne Park Ave. (river) 19-Aug D 10 20 395 
Chandler Pond F1 23-Aug W 441 148 5247 
Chandler Pond F2 23-Aug W 350 148 6015 
Rt. 139 23-Aug W 10 1354 9606 
Old Plain St. 23-Aug W 10112 5099 10112 
Veterans Memorial Park 23-Aug W 10112 <10*** <10*** 
Veterans Memorial Park 
(G&L) 23-Aug W 7600 4600 38000 
Tea Rock Lane 23-Aug W 10112 10112 10112 
Stratton Ave. Catchbasin 23-Aug W 8704 4360 10112 
Willow St. Pipe 23-Aug W 10112 75*** 148*** 
Willow St. Bridge 23-Aug W 10112 10112 10112 
Cranberry House 23-Aug W 10112 10112 10112 
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Keville Footbridge 23-Aug W 2489 2014 7915 
Library Catchbasin 23-Aug W 4160 465 9606 
Dairy Queen 23-Aug W 860 6910 9606 
Dairy Queen (G&L) 23-Aug W 8300 3800 7700 
Rand Handy F1 23-Aug W 10112 <10*** <10*** 
Rand Handy F2 23-Aug W 10112 <10*** <10*** 
Ocean St. Culvert L1 23-Aug W 7215 2723 10112 
Ocean St. Culvert L2 23-Aug W 5493 4569 10112 
Anderson Dr. L1 23-Aug W 1722* 6910* 6653 
Anderson Dr. L2 23-Aug W 231* 932* 9606 
Bourne Park Ave. (pipe) 23-Aug W 8297 2603 7215 
Bourne Park Ave. (river) 23-Aug W 379** 108** 908** 
Chandler Pond F1 17-Sep W 309 30 1860 
Chandler Pond F2 17-Sep W 262 51 1631 
Rt. 139 17-Sep W 613 219 2282 
Old Plain St. 17-Sep W 7915 789 6589 
Veterans Memorial Park F1 17-Sep W 2851 275 2851 
Veterans Memorial Park F2 17-Sep W 2603 231 5012 
3A Bridge Pipe 17-Sep W 1467 216 5247 
Tea Rock Lane 17-Sep W 6910 8297 10112 
Stratton Ave. Catchbasin 17-Sep W 6015 2098 10112 
Stratton Ave. Catchbasin 
(G&L) 17-Sep W 8000 2300 14000 
Willow St. Pipe 17-Sep W 10112 9139 10112 
Willow St. Bridge  17-Sep W 3441 1112 8704 
Cranberry House L1 17-Sep W 2187 1860 8704 
Cranberry House L2 17-Sep W 3441 2283 10112 
Keville Footbridge 17-Sep W 1904 1500 8704 
Library Catchbasin 17-Sep W 2382 1616 10112 
Dairy Queen 17-Sep W 4034 465 9606 
Rand Handy 17-Sep W 6893 3609 9606 
Ocean St. Culvert 17-Sep W 1842 717 9136 
Anderson Dr. L1 17-Sep W 537 253 6586 
Anderson Dr. L2 17-Sep W 697 323 7915 
Bourne Park Ave. (river) 17-Sep W 41 52 1187* 
Bourne Park Ave. (river) 
(G&L) 17-Sep W 80 60 160* 
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Table 6. Conductivity and Temperature Raw Data 
 
Date Site 
Conductivity 
(mS) 
Temperature 
(°C) 
6/22/2010 Veterans Memorial Park 0.218 22.5 
6/22/2010 Willow St Bridge  0.528 21.4 
6/22/2010 Keville Footbridge 4.88 23.7 
6/22/2010 Anderson Dr. 9.53 24.1 
6/22/2010 Chandler Dr. 14.35 23.7 
6/22/2010 Bourne Park Ave. (river) 35.83 20.8 
6/22/2010 Field St. 36.28 21.2 
6/22/2010 Rexhame 39.42 20.8 
6/22/2010 Julian St. Bridge 39.09 19.6 
6/22/2010 Sea St. Bridge 39.06 18.9 
6/22/2010 Central Ave. 39.35 17.9 
7/6/2010 Veterans Memorial Park 0.244 24.4 
7/6/2010 Tea Rock Lane 0.042 18.0 
7/6/2010 Willow St. Pipe 0.203 18.8 
7/6/2010 SR St. and Willow St. 0.173 17.0 
7/6/2010 Keville Footbridge 0.792 24.4 
7/6/2010 Weston Farm Path 1.16 25.7 
7/6/2010 Ocean St. Culvert 1.78 25.5 
7/6/2010 Howes Brook Rd. 0.378   
7/6/2010 Shearwater Creek 0.368 23.5 
7/6/2010 Liberty Rd. Creek 18.07 25.9 
7/6/2010 Bourne Park Ave. (river) 26.75 26.8 
7/6/2010 Marshfield Yacht Club 38.85 24.8 
7/6/2010 Neptune Rd. 39.20 23.5 
7/6/2010 SR Yacht Club Pipe 29.45 13.2 
7/6/2010 Central Ave. 41.95 22.7 
7/14/2010 Veterans Memorial Park 0.260 24.8 
7/14/2010 Willow St Bridge  0.518 24.6 
7/14/2010 Keville Footbridge 8.35 25.0 
7/14/2010 Anderson Dr. 17.40 25.8 
7/14/2010 Chandler Dr. 23.02 25.5 
7/14/2010 Bourne Park Ave. (river) 36.41 23.3 
7/14/2010 Field St. 33.86 21.9 
7/14/2010 Rexhame 39.02 19.7 
7/14/2010 Julian St. Bridge 38.81 19.2 
7/14/2010 Sea St. Bridge 28.64 17.9 
7/14/2010 Central Ave. 36.70 18.5 
8/19/2010 Chandler Pond 0.223 26.1 
8/19/2010 Rt. 139 0.193 23.1 
8/19/2010 Old Plain St. 0.344 20.8 
8/19/2010 Veterans Memorial Park 0.244 21.6 
8/19/2010 Tea Rock Lane 0.226 18.3 
8/19/2010 Willow St. Pipe 3.95 19.9 
8/19/2010 Willow St Bridge  0.502 21.7 
8/19/2010 Cranberry House 3.03 21.3 
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8/19/2010 Keville Footbridge 10.20 22.5 
8/19/2010 Dairy Queen 0.537 22.0 
8/19/2010 Rand Handy 0.198 19.5 
8/19/2010 Ocean St. Culvert 11.71 22.7 
8/19/2010 Anderson Dr. 19.47 23.0 
8/19/2010 Bourne Park Ave. (river) 41.27 20.6 
8/23/2010 Chandler Pond 0.196 21.1 
8/23/2010 Rt. 139 0.198 20.0 
8/23/2010 Old Plain St. 0.251 17.3 
8/23/2010 Veterans Memorial Park 0.222 18.4 
8/23/2010 Tea Rock Lane 0.135 17.4 
8/23/2010 Stratton Ave. Catchbasin 0.049 19.0 
8/23/2010 Willow St. Pipe 0.086 18.3 
8/23/2010 Willow St Bridge  8.34 18.4 
8/23/2010 Cranberry House 11.63 18.1 
8/23/2010 Keville Footbridge 8.67 19.2 
8/23/2010 Library Catchbasin 0.037 19.5 
8/23/2010 Dairy Queen 0.051 19.7 
8/23/2010 Rand Handy 0.185 17.0 
8/23/2010 Ocean St. Culvert 6.30 18.9 
8/23/2010 Anderson Dr. 16.13 19.7 
8/23/2010 Bourne Park Ave. (pipe) 0.034 19.2 
8/23/2010 Bourne Park Ave. (river) 35.78 18.3 
9/17/2010 Chandler Pond 0.013 18.4 
9/17/2010 Rt. 139 0.172 18.5 
9/17/2010 Old Plain St. 0.266 16.3 
9/17/2010 Veterans Memorial Park 0.210 17.9 
9/17/2010 3A Bridge Pipe 0.001 19.0 
9/17/2010 Tea Rock Lane 0.147 16.2 
9/17/2010 Stratton Ave. Catchbasin 0.036 19.8 
9/17/2010 Willow St. Pipe 0.130 17.5 
9/17/2010 Willow St Bridge  0.220 18.1 
9/17/2010 Cranberry House 0.745 18.1 
9/17/2010 Keville Footbridge 3.05 18.0 
9/17/2010 Library Catchbasin 0.197 20.2 
9/17/2010 Dairy Queen 0.300 20.2 
9/17/2010 Rand Handy 0.002 17.9 
9/17/2010 Ocean St. Culvert 4.78 18.0 
9/17/2010 Anderson Dr. 9.16 18.1 
9/17/2010 Bourne Park Ave. (river) 32.34 18.8 
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3. Distribution List (as applicable) 
Project Manager: Jay Wennemer 
Town of Marshfield Conservation Agent 
870 Moraine St., 2nd Floor, Marshfield, MA 02050 
T: (781) 834-5573, F: (781) 837-7163 E: jwennemer@townofmarshfield.org 
 
Monitoring Program Coordinator:  Sara P. Grady 
Mass. Bays Program/N. &. S. Rivers Watershed Association 
P.O. Box 43, 214 South St., Norwell, MA 02061 
T: (781) 659-8168, F: (781) 659-7915 E: sara@nsrwa.org 
 
Program Quality Assurance Officer:  Samantha Woods 
N. &. S. Rivers Watershed Association 
P.O. Box 43, 214 South St., Norwell, MA 02061 
T: (781) 659-8168, F: (781) 659-7915 E: samantha@nsrwa.org 
 
Project Field Coordinator:  Sara P. Grady 
(contact information above) 
 
Project Lab Coordinator:  Jack Buckley 
 
Data Management Coordinator:  Sara P. Grady 
(contact information above) 
 
Program Participants:   
South River Bacterial Testing Project Leader – TBD 
South River Bacterial Testing Project Interns (3) – TBD 
Field and Lab Volunteers - TBD 
 
Gary Gonyea, 604b Project Coordinator 
One Winter Street, 6th floor, Boston, MA 02108 
 T: (617) 556-1152, F: (617) 292-5850 
E: gary.gonyea@state.ma.us  
 
Richard Chase, Mass DEP QA Officer 
627 Main St., 2
nd
 floor, Worcester, MA 01608 
T: (508) 767-2859 F: 508-791-4131 
E: richard.f.chase@state.ma.us 
 
Nora Conlon, EPA NERL, USEPA QA Officer 
11 Technology Drive, N. Chelmsford, MA 01863 
T: (617)918-8335, F: (617)918-8274 E: conlon.nora@epa.gov 
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4. Project Organization and Responsibilities (as applicable) 
 
Table 4.1.  Project Organization and Responsibilities 
 
Name(s) Project Title Description of Responsibilities 
Jay Wennemer Project Manager 
Oversees all aspects of project that incorporate the monitoring 
program including: fiscal management, project objectives, data 
uses, program changes, etc. 
 
Samantha Woods 
QA Officer 
Runs Quality Assurance (QA) program – checks data sheets for 
completeness, ensures that data quality is maintained through all 
steps of monitoring, data entry, and reporting. 
 
Sara P. Grady 
Monitoring Program 
Coordinator 
Volunteer recruitment and training, coordination with TAC. 
Develops General QAPP Adoption Form.  Produces monitoring 
report.  Produces or oversees outreach efforts, in coordination 
with project manager. 
 
Jack Buckley 
Lab Coordinator 
Makes arrangements with any lab(s) used to perform analyses 
according to QAPP.  Ensures correct procedures are used, 
holding times are met, and adequate documentation is provided. 
Provides lab training at Cohasset Center for Student Coastal 
Research. 
Sara P. Grady Field Coordinator 
Responsible for training and supervising volunteers in field 
work. Ensures field forms are properly filled out, samples and 
forms are transported to laboratories as needed; and performs 
QC checks to make sure procedures are followed or corrected as 
needed  (in collaboration with project QC officer). 
Sara P. Grady 
Data Management 
Coordinator 
Maintains the data systems for the program.  Performs/oversees 
data entry and checks entries for accuracy against field and lab 
forms. 
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Name(s) Project Title Description of Responsibilities 
Christian Krahforst, Jason 
Burtner, Samantha Woods, Ann 
Thomae 
Technical Advisory 
Committee 
Program oversight and advice. 
TBD 
South River Bacterial 
Testing Project Leader 
Assists Monitoring Program Coordinator with leading interns and 
volunteers in sampling, field and laboratory analyses, and data entry. 
TBD 
South River Bacterial Testing 
Project Interns (3)  
Sample, perform field analyses, assist in laboratory analyses and/or 
data entry. 
TBD Field and Lab Volunteers Assists with sampling and field analyses or lab analyses. 
Gary Gonyea MassDEP Project Contact 
Oversees grant administration and ensures reporting requirements are 
met. 
 
Richard Chase 
Mass DEP QA Officer 
Reviews General QAPP Adoption Form, reads QA reports, confers 
with program QA officer on quality control issues that arise during the 
course of a monitoring program. 
Nora Conlon US EPA QA Officer 
Reviews General QAPP Adoption Form, reads QA reports, confers 
with program QA officer on quality control issues that arise during the 
course of a monitoring program. 
MaryJo Feuerbach 
 
US EPA Project Contact 
 
Reviews General QAPP Adoption Form. 
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5. Problem Definition/Background 
Organizational History and Mission 
A brief summary of your organization’s history and general goals, why your organization 
is involved, and what it hopes to accomplish 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Monitoring History and Status 
A discussion of previous monitoring efforts and the designated use attainment status for 
water body(ies) as listed in the Mass DEP health assessments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The North and South Rivers Watershed Association, Inc. (NSRWA) is a non-
profit grassroots environmental organization located on the South Shore of Massachusetts. 
The NSRWA was founded in 1970 and has grown to over 1,500 members today, 
comprised of individuals, families, businesses, and other environmentally-concerned 
organizations. The membership comes primarily from the 12 towns within the watershed: 
Norwell, Hingham, Scituate, Marshfield, Hanover, Pembroke, Whitman, Hanson, 
Duxbury, Weymouth, Rockland and Abington. The mission of the NSRWA is to preserve, 
restore, maintain and conserve in their natural state, the waters and related natural 
resources within the watershed. 
Sampling through our Riverwatch program plus pilot efforts at bacterial source 
tracking during the summer of 2008 have repeatedly shown high number of bacteria in the 
South River. We hope to clarify the source(s) of the bacteria so solutions to remediate the 
pollution problem can be evaluated by the Town of Marshfield. 
 As the hosting organization for the South Shore (SS) Regional Coordinator for the 
Massachusetts Bays Program, the NSRWA has been able to form a partnership with the 
Cohasset Center for Student Coastal Research (CSCR). Sara Grady, the SS Regional 
Coordinator, has been working with CSCR for the past five years. CSCR has lab facilities 
which they have kindly offered to let us use for processing of our bacterial samples.  
 
The South River (South Coastal Basin, HUC 010900020104, Segment MA94-09) is a 
National Park Service National Natural Landmark and a Class SA Outstanding Resource 
Water. It flows primarily through the town of Marshfield, although the lower tidal reaches 
are also bordered by an isolated portion of Scituate called Humarock. The South River has 
had chronically high bacteria levels and is impaired for pathogens downstream of Route 
3A according to the 2006 Integrated List of Waters. It is classified as Category 5 and 
needs a TMDL. In addition, bacterial testing by the North and South Rivers Watershed 
Association through their Riverwatch program has demonstrated chronic high bacteria 
(fecal coliform and as of 2007, enterococci) for most of the sixteen years of testing, 
particularly during wet weather sampling events. . The 5-Year Watershed Action Plan for 
the South Coastal Watershed, South and Green Harbor River Chapter recommends that 
“water quality sampling [be conducted] to specify source of pathogens.” 
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Monitoring and Data Use Objectives 
 
As specified in the GENERAL QAPP, this project will provide information related to the 
following coastal issues (check all that apply): 
X   Coastal Water Quality 
 Wetland Health and Coastal Habitat Assessment 
 Marine Introduced Species 
 
As explained in the GENERAL QAPP, the monitoring objectives of this project include 
(check all that apply): 
X   Provide quality-controlled data that support the assessment and restoration of 
coastal watersheds and critical habitats through the implementation of 
Commonwealth programs such as (check all that apply): 
X  Mass DEP’s 305(b) water body health assessments and TMDL development 
for impaired waters 
X  Clean Water Act Section 319 projects 
 Massachusetts Aquatic Invasive Species Management Plan 
X  EOEA’s watershed action plans 
X National Estuary Programs’ Comprehensive Management Plans 
X  CZM’s Nonpoint Source Pollution Remediation Program 
X Commonwealth’s Beaches Act 
 CZM’s Wetlands Restoration Program 
 Other (specify) __________________________________________________ 
 
X    Leverage the Commonwealth’s funds to increase the collection of quality data 
X   Water body/watershed health assessment 
 Impact assessment 
X   Source identification or hot spot monitoring 
 Marine introduced species assessments 
X   Public education and outreach 
      X    Local infrastructure improvements 
 Other (specify) ____________________________________________________ 
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6. Project /Task Description 
Project Description: 
A general summary of the project, providing information regarding who does what, 
parameters to be monitored, when monitoring will occur, number of sites, what happens 
with the data, and how the data will support program objectives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We plan on pinpointing sources of bacteria to the South River using an iterative sampling 
process. The NSRWA conducted a pilot assessment of the South River in 2008 which 
highlighted multiple areas of concern. An initial sampling round will bracket these areas and 
tributaries that lead from them. These sites (see “South River Watershed and Initial Sampling 
Sites”) were chosen to sub-divide the South River into manageable sections for subsequent 
sampling and are positioned just downstream of major tributaries. The gradient of bacterial 
quantities upstream and downstream of each area will be used to direct the subsequent rounds 
of sampling, including locating stormwater outfalls within the area that may be a source, as 
well as following increasing bacterial gradients upstream into tributaries of the South River. 
Each of these iterative investigations will be undertaken in dry and wet weather conditions to 
provide information on how greatly the source is influenced by runoff. These tasks follow 
recommendations made within the Monitoring Plan of the Draft Pathogen TMDL for the 
South Coastal Watershed that samples should be taken to capture “water quality conditions 
under varied weather conditions” and to establish “sampling locations in an effort to pin-point 
sources.”  
Samples will be tested for enterococci, the primary contact standard for brackish and 
salt water, E. coli, and total coliform bacteria. These samples will be collected and tested by 
the NSRWA and trained interns at the Cohasset Center for Student Coastal Research, with 
QA/QC samples tested by a local certified lab. We anticipate that this process will require 
100-125 samples over the course of the assessment: 2 types of sampling (dry and wet) x 3 
rounds each (first round 11 samples, second and third round 22 samples), plus 10% field and 
lab duplication. We will also measure conductivity and temperature at each site in the field 
using a YSI 85 handheld meter. 
 
The data collected from this project will be shared with EOEA, DEP, and other 
interested state agencies in coordination with this monitoring program’s reporting 
requirements in addition to any other data needs that these agencies might have, including 
the calculation of TMDLs. It will also be used by the Town of Marshfield to prioritize 
stormwater remediation efforts. 
 
 This project satisfies multiple needs laid out by the Massachusetts Bays Program 
Comprehensive Conservation and Management Plan, including: 
 (1) Protecting Public Health  
 (2) Protecting and Enhancing Shellfish Resources 
 (4) Reducing and Preventing Stormwater Pollution 
 (7) Managing Municipal Wastewater, and 
 (15) Enhancing Public Education and Participation 
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Map(s) of Area, Waterbody and Sampling Sites: 
 
South River Watershed and Initial Sampling Sites 
 
 
Initial Sampling Site Descriptions 
Site Location Description 
1- Central Ave. Lat: 42.1518° 
Long: -70.7001° 
Upstream of docks, right edge 
2- Sea St. Lat: 42.1387° 
Long: -70.6935° 
Off downstream edge of docks, right edge 
3 – Julian St. Lat: 42.1315° 
Long: -70.6881° 
Downstream of bridge, right edge 
4- Rexhame Lat: 42.1229° 
Long: -70.6810° 
Edge of clear cobble area, right edge 
5- Bailey Terrace Lat: 42.1127° 
Long: -70.6787° 
Edge of marsh, downstream of left-hand 
marsh creek (facing river), right edge 
6- Bourne Park 
Ave. 
Lat: 42.1055° 
Long: -70.6825° 
Edge of marsh, right edge 
7- Chandler Dr. Lat: 42.1003° 
Long: -70.6955° 
Edge of marsh, right edge 
8- Anderson Dr. Lat: 42.0959° 
Long: -70.0974° 
Edge of marsh, right edge 
9- Keville 
Footbridge 
Lat: 42.0959° 
Long: - 70.7066° 
Downstream of bridge, center of stream 
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10- Willow St. 
Bridge 
Lat: 42.0931 
Long: -70.7123 
Upstream of bridge, center of stream 
11- Veteran’s 
Memorial Park 
Lat: 42.0946 
Long: -70.7182 
Upstream of culvert, center of stream 
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Table 6.1.  Anticipated Schedule (Mark all major project implementation and completion dates with an X.  Add additional project 
components and deliverables as necessary.) 
 
 
MONTH 
TASK 
J 
10 
F 
10 
M 
10 
A 
10 
M 
10 
J 
10 
J 
10 
A 
10 
S 
10 
O 
10 
N 
10 
D 
10 
J 
11 
F 
11 
M 
11 
A 
11 
M 
11 
J 
11 
Revise Project QAPP 
 X X X                
Solicit Project Interns
 
  X X X               
Train Project Interns    X X              
Iterative Sampling     X X X X X          
Data Synthesis         X X X        
Project Reporting X X X X X X X X X X X X X X X X X X 
Public Outreach          X X X X X X X X X 
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7. Data Quality Objectives 
To comply with the GENERAL QAPP, the following quality control measures and data quality 
objectives shall be employed for the South River Bacterial Source Tracking project (check all 
that apply): 
 
Overall sampling precision will be estimated by the following (check all that apply): 
X   Taking duplicate field measurements (instruments) for at least 10% of samples. 
X   Taking duplicate field samples for at least 10% of samples (for each crew). 
X   Lab duplicates 
X   Comparison to results of others (for same/similar area/time) 
 Other (specify): ____________________________________________________ 
 
 
Accuracy of results will be estimated or confirmed by the following (check all that apply): 
 Analysis of lab QC check samples (single-blind) 
X   Analysis of positive/negative controls (e.g., bacteria) 
 Analysis of spiked matrix samples 
X   Analysis of lab blanks and lab-fortified blanks 
 Taking ambient field blanks and/or equipment blanks 
 Taxonomic verification of voucher specimens 
 Other (specify): ____________________________________________________ 
 
 
Data Representativeness will be met by the following (check all that apply): 
X    All sampling sites are selected to be representative of “average” conditions for the water 
body (or pollution source) at a specific place and time 
X   Any abnormal or episodic conditions that may affect the representativeness of sample 
data are noted and maintained as metadata 
X   Results from all sites will not be extrapolated to other, unmonitored, portions of the 
waterbody or watershed. 
X   Sample collection timing and frequency is selected to capture data that are representative 
of target conditions: outgoing tide, early morning 
Other (specify) applies to outfall sampling as well as instream sampling 
__________________________________________ 
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Comparability of project data among sites and with that of others will be enhanced by the 
following (check all that apply): 
X   Using established protocols 
X   Documenting methods, analysis, sampling sites, times and dates, sample storage and 
transfer, as well as laboratories and identification specialists used so that future surveys can 
produce comparable data by following similar procedures. 
 Other (specify)_____________________________________________________ 
 
Data Completeness goals shall be (check all that apply): 
X    At least 80% of the anticipated number of samples will be collected, analyzed and used 
X    Tracked by keeping detailed and complete sample and survey records 
X    Summarized via a report detailing number of anticipated samples, number of valid 
results, and percent completion for each parameter 
 Other (specify) ______________________________________________________ 
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Table 7.1.  Data Quality Objectives (as appropriate) 
 
Parameter Units MDL RDL 
MassDEP 
Standards 
Expected 
Range 
Accuracy (+/-)
 
Precision (RPD) 
Temperature 
Celsius (C) 
degrees 
0.1°C 0.1°C 
<85°F 
(29.4°C) nor 
a maximum 
daily mean 
of 80°F 
(26.7°C) 
and Δ1.5°F 
(0.8°C) 
5-30 +/- 1C 
< 10% (between field duplicate 
samples or readings) 
Conductivity S/cm  1 S/cm 1 S/cm 
N/A 10–1000 
fresh 
800–
50,000+ salt 
water 
 +/- 5% of QC standard 
< 20% (between field duplicate 
samples or readings) 
E coli, Total coliform, 
Enterococci   
colonies/100 
ml or MPN 
< 2 
cfu/100ml, 
0 MPN 
(more with 
dilutions) 
< 2 
cfu/100ml, 
0 MPN 
(more with 
dilutions) 
Enterococci:
single 
sample 
<104 /100 
ml ; 
geometric 
mean of five 
most recent 
levels 
within same 
season < 35 
Enterococci 
/100 ml 
0-1,000,000 
Blanks and negatives show no 
colonies, positives show colonies 
< 30% RPD for log-transformed 
duplicate data 
 
MDL = Method Detection Limit (lab) 
RDL = Reporting Detection Limit (lab) 
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8. Training Requirements 
Training in the following general areas, as specified in the General QAPP, shall be 
conducted as part of the South River Bacterial Tracking Program: 
X   Field safety 
X   Lab safety 
X   Water sample collection 
X    Filling out field sheets 
 Biomonitoring of wetlands and coastal habitat 
(specify parameters)____________________________________________ 
 Marine introduced species monitoring 
X   Data entry and database management 
X   Recordkeeping and documentation  
 Report writing 
 Other: (specify)__________________________________________________ 
 
Project training shall take place as specified in Table 8.1 
 
All training activities shall be documented by (check all that apply): 
X   Training forms signed by the trainees 
X   Documented in a final report 
 Other (specify): 
________________________________________________________ 
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Table 8.1.  Project-Specific Training  
 
Training:  Type & Description Trainer(s) Training Date(s) Trainees 
Location of Training 
Records 
Field procedure (use of YSI meter, 
collection of samples for bacteria) 
and safety training   
 
Monitoring 
Coordinator and Field 
Coordinator 
Week of May 
10th, Week of 
May 24th 
South River Bacterial Testing 
Project Leader (week of May 
10th), South River Bacterial 
Testing Project Interns and 
Volunteers (week of May 24th) 
 
NSRWA office 
computer and filing 
cabinet in Monitoring 
Coordinator’s office 
Laboratory analysis and safety 
training (bacteria)  
Monitoring 
Coordinator and Lab 
Coordinator 
Week of May 
10th, Week of 
May 24th 
South River Bacterial Testing 
Project Leader (week of May 
10th), South River Bacterial 
Testing Project Interns and 
Volunteers (week of May 24th) 
 
NSRWA office 
computer and filing 
cabinet in Monitoring 
Coordinator’s office 
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9. Documentation and Records 
To ensure that adequate and acceptable levels of records are kept, the following general 
documentation procedures, as specified in the General QAPP, shall be followed (check 
all that apply): 
X   Document survey and sample information using Field Sheets 
 Document survey and sample information using personal Field Notebooks 
X   Document sample custody at all times using Chain-of-Custody Forms 
X   Track sample identification using sample labels 
X   Document lab data/metadata using lab notebooks 
X   Document lab results using lab reports   
      Collection and management of voucher specimens 
 Photography used for species verification 
X   Other: (specify) Field and lab procedure and safety training 
 _____________________________________________ 
 
The specific forms to be used for the South River Bacterial Source Tracking project are 
listed and described in Table 9.1. 
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Table 9.1.  Project-Specific Datasheets, Labels, Laboratory and Voucher Forms 
 
Documentation Type Form Name How Used? 
Example in 
Attachments? 
Sample Collection Records 
South River Bacterial 
Source Tracking 
Sampling Data Sheet 
and Chain of Custody 
Record  
Used to document field measured parameters (DO, 
salinity, temperature) and bacteria bottle numbers; used to 
transfer bacterial samples from field to lab personnel 
Yes 
Certified laboratory 
Chain of Custody 
form 
Used to document transfer of bacterial samples from field 
volunteers to certified laboratory 
No (not 
available) 
Laboratory Records 
Enterococci MPN 
form 
Used to document enterococci analyses and results Yes 
Certified laboratory 
bacterial 
quantification form 
Used to document bacterial analyses and results 
No (not 
available) 
Training Records 
Volunteer Training 
Attendance 
Used to document attendance at training, instructors and 
type of training 
Yes 
Labels 
Sample bottle label 
(bacteria) 
Used to specify information about collected sample, 
including sampling time and date and sample type 
Yes 
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10. Sampling Process 
To comply with the General QAPP, the following sampling safety and design principles shall be followed for the South River Bacterial 
Source Tracking project (check all that apply): 
 
Sampling Safety. 
X   Personal safety shall be a primary consideration in selection of sampling sites and dates. 
X   No sampling shall occur when personal safety is thought to be compromised. 
X   The Monitoring Coordinator and Field Coordinator shall confer before each sampling event to decide whether conditions pose a 
threat to safety of field volunteers, and will cancel/postpone sampling when necessary.  
X   Sampling shall take place in teams of two or more. 
 Samplers shall wear life vests when sampling from boats or wading in waters under difficult conditions. 
X   Samplers shall wear proper clothing to protect against the elements as applicable, especially footwear and raingear. 
X   When sampling in rivers, samplers shall estimate flow and avoid sampling when river depth (in feet) times velocity (feet per 
second) appear to equal 5 or greater or when conditions seem unsafe. 
Other safety measures:_______________________________________________ 
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Table 10.1.  Sampling Design   The following sampling considerations will be adhered to.  (fill in for each assessment type) 
 
Survey 
type 
Indicators Number of 
sample locations 
Site location rationale Frequency, duration, special 
conditions 
Field survey QC 
Bacteria Source Tracking (and Waterbody/Watershed Health Assessment) 
Rivers 
 inland 
 coastal 
 
 Temperature 
 Conductivity 
 E coli bacteria 
 Total coliform 
bacteria 
 Enterococci bacteria  
 Salinity  
Variable (11-22); 
initial sampling 
round will include 
11 sites distributed 
along the river’s 
length to establish 
starting zones for 
bacterial source 
tracking then up to 
22 sites in 
subsequent 
sampling rounds to 
isolate bacterial 
sources. The first 
sampling rounds (1 
wet, 1 dry) will 
include 11 sites 
with one random 
field duplicate and 
one random lab 
duplicate. 
Subsequent 
sampling rounds (2 
wet, 2 dry) will 
include 22 sites 
with two random 
field duplicates and 
two random lab 
duplicates. 
 
Initial sites have been chosen 
based on 2008 pilot 
sampling, South River 
Initiative, and NSRWA 
Riverwatch results to bracket 
suspected problem areas and 
tributaries. Subsequent 
sample sites will be located 
based on intial sampling 
results using an iterative 
process to pinpoint sources 
within tributaries and pipe 
networks.  
Three wet and three dry sampling 
rounds (Wet -  >0.25 in. rain in 24 
hours, Dry - < 0.1 in. rain in 72 
hours) late May – September; due to 
tidal nature of river up to Veteran’s 
Memorial Park, sites within the main 
stem and any marsh creeks should 
only be sampled >2 hours after high 
tide. 
At least one field duplicate sample 
per bottle group per survey 
 
Probe calibration  
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11. Sampling Method Requirements 
To comply with the requirements of the General QAPP, all sample collections for the South River Bacterial Source Tracking project 
shall follow detailed methods on how samples will be collected and preserved and/or follow the Standard Operating Procedures (SOPs) 
contained in Attachments. 
X   Detailed sampling method descriptions are in Attachment A. 
X    Copies of standard operating procedures (SOPs) are in Attachments B and C. 
X    Pre-coordination will occur with project lab(s) to ensure that sample collection procedures meet lab needs.  List labs: 
Cohasset Center for Student Coastal Research, 40 Parker Ave., Cohasset, MA 02025 
G & L Laboratories (M-MA1100), 246 Arlington St., Quincy, MA 02170  (QA/QC samples only) 
 
 
Table 11.1.  Sample Collection Methods   Fill in 
 
Survey 
type 
Sample Type Parameter(s) Container Type(s) and 
Preparation 
Minimum Sample 
Quantity
 
Sample Preservation 
Waterbody/Watershed Health Assessment 
River water 
quality 
 inland 
 coastal 
  
 
In-situ 
(YSI 85 multi-
parameter probe) 
 
 
 salinity 
 conductivity 
 temperature 
----- ----- ----- 
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Survey 
type 
Sample Type Parameter(s) Container Type(s) and 
Preparation 
Minimum Sample 
Quantity
 
Sample Preservation 
 
Manual grab sample 
 
 
 
 
 
 
 
 
 
 
 E. coli bacteria 
 Total coliform 
bacteria 
 Enterococci 
bacteria  
High density  polyethylene 
(HDPE), Sterile 
 
 
120 ml per analyte  place on ice to <6C 
 ASAP delivered within 6 
hrs to lab 
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12. Sample Handling and Custody Requirements 
As specified in the General QAPP, all sample handling and custody procedures shall be 
in compliance with project Standard Operating Procedures for each indicator.  The 
following procedures shall be followed for the South River Bacterial Source Tracking 
project. (Check all that apply). 
 
X    Sample container labels shall be attached to dry bottles, with the following 
information: 
X    Site ID#    X  sample type 
X    date and time   X  preservation 
X    name of sampler 
X    name of organization conducting sample. 
 
 Macroinvertebrate     macrophyte 
 samples shall be labeled in pencil on paper placed in sample container 
OR 
 Macroinvertebrate     macrophyte 
 samples shall be placed in ziplock bags; outside of bags shall be labeled with 
permanent ink markers. 
 
X   Examples of labels are found in Attachment G. 
X   Chain of custody forms shall be prepared and completed in all cases; example in 
Attachment D. 
X   The whereabouts of all samples shall be known at all times. 
 
The following steps shall be taken to avoid sample mis-labeling. 
 
* Organization of sample bottles in cooler prior to being taken into the field 
* Double-check of sample label before and after sampling to ensure label matches site 
number 
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13. Analytical Methods Requirements 
To comply with the requirements of the General QAPP, all analytical methods used in the South River Bacterial Source Tracking project, 
including methods used by laboratories performing analyses for the project, shall be based on standardized laboratory methods. All analytical 
methods used for this project are in Attachments B and C . 
 
Table 13.1.  Analytical Methods   The following methods are used in this project.  
 
Parameter Method # Source of 
Method 
MDL
 
(mg/l or as stated) 
Alternative Applications 
Special Provisions 
“Kit” availability 
Total coliform/E. coli 
Standard Methods 9223 
(Colilert MPN) 
Standard 
Methods 
1 MPN/100 mls (more 
for dilutions) 
Tested at Cohasset Center for Student Coastal 
Research 
Enterococci bacteria 
ASTM D6503-99 
(Enterolert MPN) 
ASTM 
1 MPN/100 mls (more 
for dilutions) 
Tested at Cohasset Center for Student Coastal 
Research 
Total coliform Standard Methods 9222D 
Standard 
Methods 
1cfu/100mls Tested at G & L Labs, Inc. 
E. coli EPA Method 1603 EPA 1 cfu/100mls Tested at G & L Labs, Inc. 
Enterococci bacteria EPA Method 1600 EPA 1cfu/100mls Tested at G & L Labs, Inc. 
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14. Quality Control Procedures 
As specified in the General QAPP, the following quality control procedures for the South River 
Bacterial Source Tracking project shall be followed (Check all that apply) 
 
Coastal Water Quality 
X   Field duplicates shall be taken side-by-side and simultaneous 
X   Field quality control samples shall be taken for 10% of all water quality samples collected unless 
otherwise specified in Table 14.1 below 
 Field duplicates shall be taken sequentially 
 Field duplicates shall be split from a large volume sample. 
 Field blanks shall be taken 
 Trip blanks shall be taken 
 
Procedures for each QC step checked above are described here: 
Two samples will be taken at a randomly chosen site as indicated above in each sampling round and 
analyzed as independent samples for bacteria (either enterococci or E coli/total coliform.)  
 
 Inter-group comparison sampling shall be conducted.   Comparison sampling methods are as 
follows: 
 
X   Lab QC protocols shall be discussed with the lab(s) prior to sampling to ensure acceptability 
 
 
Table 14.1.  Quality Control Procedures for each survey type, instrument/parameter are summarized here: 
 
SaSample Type Instrument/ 
Parameter 
Accuracy Checks Precision Checks % Field QC 
Samples (blanks 
and field 
duplicates) 
In-situ  
YSI 85 (temperature, 
salinity, conductivity) 
Pre-survey calibration  
3-5 minutes of stable 
readings in field 
verify repeatability 
in the field 
Water Quality samples 
– grab 
 
E. coli 
Total coliform 
Enterococci  
Negative and positive plates/trays 
Field duplicates 
Lab duplicates 
10% 
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15. Instrument/Equipment Inspection and Testing 
To comply with the requirements of the General QAPP, the following instrument/equipment inspection and testing methods shall be 
followed for the South River Bacterial Source Tracking project.  (Check all that apply, fill in Table 15.1 as needed) 
 
X   Maintenance shall occur as needed. 
X   Records of equipment inspection, maintenance, repair and replacement shall be kept in a logbook. 
X   Detailed inspection, maintenance and calibration procedures are described in SOPs contained in Appendices A and B. 
 
Table 15.1.  Instrument/Equipment Inspection, Testing Procedures – Summary 
 
Equipment Type Inspection Frequency Type Inspection Maintenance, Corrective Action 
Incubator (bacteria analysis) 
Prior to each analysis by Monitoring 
Coordinator or Project Leader 
Check temperature with max/min electronic 
thermometer (traceable to NIST) 
Adjust temperature 
YSI 85 
Before each sampling date at NSRWA 
office by Monitoring Coordinator or 
Project Leader 
 
Battery life, electrical connections, membrane 
condition 
Spare membranes, batteries 
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16. Instrumentation Calibration and Frequency 
To meet the requirements of the General QAPP, the following instrument calibration procedures will be followed for the followed for the 
South River Bacterial Source Tracking project: 
 
X Instruments shall be calibrated at the frequency listed in table 16.1 
X Detailed inspection, maintenance and calibration procedures are described in SOPs contained in appendices A and B. 
X All calibration activities shall be logged in a project notebook 
Table 16.1.  Instrumentation Calibration Procedures 
 
Instrument Inspection and 
Calibration Frequency 
Standard of Calibration Instrument 
Used 
Corrective Action 
YSI 85 multiparameter meter Before each sampling run at 
NSRWA office by Monitoring 
Coordinator or Project Leader 
 
According to manufacturer’s 
recommendations and lab-specific SOP 
re-calibrate, use other meter 
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17. Inspection & Acceptance Requirements for Supplies 
To meet the requirements of the General QAPP, the following procedures for procurement, inspection and acceptance of sampling, analytical 
and ancillary project supplies shall be followed for the South River Bacterial Source Tracking project: 
 
Table 17.1.  Supplies Inspection, Acceptance Procedures 
 
Supplies Inspection Frequency Type of Inspection Available Parts Maintenance 
Colilert/Enterolert 
reagents 
Before each bacterial 
testing run 
Visual inspection of quantity and 
expiration date 
Spare, fresh solutions Storage according to manufacturer’s 
recommendations, replacement as needed at 
beginning of sampling season 
YSI 85 calibration and 
membrane solutions 
Before each sampling 
season 
Visual inspection of quantity and 
expiration date 
Spare, fresh solutions Storage according to manufacturer’s 
recommendations, replacement as needed at 
beginning of sampling season 
Membranes, filters Before each sampling date Visual inspection of quantity, 
integrity 
Spares Storage according to manufacturer’s 
recommendations 
Field and Lab sample 
sheets 
Before each sampling date Visual Additional copies Keep dry 
Sample Bottles Before each sampling date Integrity, cleanness and seal for 
nutrient bottles, verified sterility 
of bacterial sample bottles, 
equipment or reinstate blank for 
reused bottles (see Glossary) 
One set of spare bottles Clean after use 
Cooler Before each sampling date Cleanness,  ice N/A Annually or as needed 
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18. Data Acquisition Requirements 
To meet the data acquisition requirements of the General QAPP, the following information will be 
provided for the South River Bacterial Source Tracking project (check all that apply): 
 
□  No data other than that collected by project participants under the auspices of this General QAPP 
Adoption Form will be used. 
 Additional data used – Bacteria and conductivity data from NSRWA Riverwatch, South River 
Initiative, and 2008 Pilot Bacterial Source Tracking 
 
19. Data Management 
To meet the requirements of the General QAPP, the following data management activities shall be 
followed for the South River Bacterial Source Tracking project (check all that apply): 
 
X   Field samplers shall record data on field sheets, review them, sign and turn over to field 
coordinator. 
X   Field Coordinator shall review sheets and confers with samplers on any needed corrective action. 
X   Field samplers shall fill out the chain-of-custody form for forwarding the processed samples to 
the laboratory. 
X   Each person who handles or transports samples shall also sign the custody form upon receipt of 
the samples. 
X   Chain of custody forms will follow samples to the lab and back to Monitoring Coordinator by 
mail or pickup after each analysis run is completed. 
X   Once laboratory analyses are complete, the laboratory personnel shall mail lab results to the 
Monitoring Coordinator or arrange for pickup. 
X   The Monitoring Coordinator and/or Data Entry Coordinator will enter raw field and lab data into 
the project computer system. 
X   Computer-entered data shall then be compared with field sheets for accuracy. 
X   Original data sheets will be stored at (specify): NSRWA Office 
X   Disk back-ups and copies of the data sheets will be made and stored in a separate location 
designated by the Monitoring Coordinator.   (Provide details): Home of Monitoring Coordinator 
X   Documentation of data recording and handling, including all problems and corrective actions, 
shall be included in all preliminary and final reports. 
 Data will be entered into one of the following digital data entry templates provided by CZM 
 CZM Water Quality Tool Pack 
 MarshDB 
 Marine Invader Database 
X   Examples of data forms and checklists are provided in the Attachments. 
 Other ______________________________________________________________________ 
 
 
Data management systems - spreadsheets, databases, statistical or graphical software packages, 
location of data records (paper and electronic), are described here: 
Data will be entered into Excel spreadsheets, which will also be used for statistical analysis. These 
data records (paper raw data and electronic spreadsheets) will be maintained at the NSRWA office. 
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Table 19.1.  Data Management, Review, Validation, Verification Process Summary 
 
Activity By whom Corrective action, if needed 
Check labels just prior to sampling, to ensure correct 
labeling of container. 
Field sampler 
 
Correct label or change container 
At time of sampling, record data, sign field sheets. 
Field sampler 
 
 
Fill out, sign chain of custody (COC) forms for any 
samples going to lab. 
Field sampler 
 
 
Before turning field sheets over to field/monitoring 
coordinator, check for reasonableness to expected 
range, completeness. 
Field sampler 
 
Resample if feasible; otherwise, flag suspect data. 
Upon receipt of field sheets, recheck for 
reasonableness to expected range, completeness, 
accuracy, and legibility.  Sign COC form. 
Field/Monitoring 
Coordinator 
Confer with field sampler(s) immediately or within 
24 hours.  Resample if feasible; otherwise, flag 
suspect data. 
Upon receipt of samples, field sheets and COC 
forms, check to see that sheets and forms correspond 
to number of samples, condition of samples as stated 
on COC forms.  Sign COC forms. 
Copies of field sheets and COC forms are made, 
given to field/monitoring coordinator. 
Lab Coordinator, 
Field/Monitoring 
Coordinator. 
Confer with field/monitoring coordinator.  Contact 
field samplers as needed to locate missing samples, 
data records.  In case of missing/spoiled samples or 
data records, authorize resembling as needed and 
feasible.  If resampling is not feasible, flag all 
suspect data. 
Upon completion of laboratory analyses, fill out lab 
sheets, including data on QC tests.  Review for 
reasonableness to expected range, completeness. 
Make copies of lab sheets. 
Lab Coordinator. 
Re-analyze if possible.  If not, confer with 
monitoring coordinator.  Flag all suspect data. 
Upon receipt of lab sheets, review for completeness 
and legibility. 
Monitoring/Data Entry 
Coordinator 
Confer with lab coordinator. 
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Activity By whom Corrective action, if needed 
Upon completion of data entry, print out raw data.  
Compare with field/lab sheets for accuracy. 
Data Entry Coordinator or 
other volunteer.  Data entry 
personnel may review their 
own work, but a different 
person than data entry 
person shall perform the 
final accuracy comparison. 
Re-enter data. 
Translate raw data printouts into preliminary data 
reports: run statistical analyses and/or prepare 
graphical summaries of data.  Check for agreement 
with QC objectives stated in Tables 7.1. and 14.1. 
and for completeness. 
Monitoring 
Coordinator/Data Entry 
Coordinator 
Confer with QA Officer.  Flag or discard suspect 
data. 
In-season (at least once) and end of season review of 
collected data sets (individual sample runs and 
season-total compilations); review for completeness 
and agreement with QC objectives and DQOs. 
Monitoring Coordinator.  
TAC if applicable.  Share 
with QA Officer. 
Flag or discard suspect data.  Decide upon any 
restrictions in use of data with respect to original 
data use goals. 
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20. Assessment and Response Actions 
To comply with the requirements of the General QAPP, the Monitoring Coordinator, QA Officer and 
TAC (as applicable) will use the following process to identify and effectively address any issues that 
affect data quality, personal safety, and other important project components. 
 
The Monitoring Coordinator will periodically check to see the following: 
X  Monitoring is occurring as planned; 
X   Sufficient written commentary and supporting photographs exist; 
X Sufficient volunteers are available; 
X   Volunteers have been observed as they sample their sites; 
X  Samplers are collecting in accordance with project schedules; 
X  Data sheets and custody control sheets are being properly completed and signed off; 
X  Data are properly interpreted; 
X  Plans for dealing with adverse weather are in place; 
X  Retraining or other corrective action is implemented at the first hint of non compliance with the 
QAPP or SOPs;   Records will be kept for all deviations from the QAPP and reported in 
draft/final reports.  Major proposed changes will be communicated to QAPP signatories.  
X  Labs are adhering to the requirements of their QAPP, in terms of work performed, accuracy, 
acceptable holding times, timely and understandable results and delivery process; 
X  Data management is being handled properly, i.e. data are entered on a timely basis, are properly 
backed up, are easily accessed, and raw data are properly stored in a safe place; 
X  Procedure for developing and reporting the results exists. 
□  Other _____________________________________________________________________ 
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Table 20.1.  Assessment and Response Action 
 
Activity By Whom Corrective action, if needed 
Review field sheets for data given 
typical conditions 
Monitoring Coordinator 
Discuss observations and correct if 
needed 
Observe skill of field volunteers with 
monitoring protocol 
Monitoring Coordinator Re-train or replace volunteers 
 
 
 
 
21. Reports 
To comply with the requirements of the General QAPP, the following reporting mechanisms will be 
used. 
 
X  The final report will describe the program's goals, methods, quality control, results, data 
interpretation, and recommendations and include 
X Raw data, 
X  QC data 
X  Associated metadata 
X  Questionable data flagged 
X Preliminary or final report label 
□  Other:________________________________________________ 
 
X  The final report will be sent to the QAPP and General QAPP Adoption Form distribution lists and 
submitted to CZM and/or DEP following DEP guidelines CN 0.74 Recommended Content of 3
rd
 Party 
Data and CN 0.78 Data Deliverable Guidelines for Grant Projects  (see General QAPP Appendix 3). 
 
Table 21.1 describes the reporting mechanism for this project’s data, who is responsible for completion 
and distribution, and to whom each report will be distributed. 
 
Table 21.1.  Report Mechanisms, Responsibilities, and Distribution 
 
Reporting Mechanism By Whom Distribution 
Final Monitoring Report Monitoring Coordinator Distribution list and project partners 
Public Outreach Monitoring Coordinator Newsletter article, public presentation 
 
 
 
 
 
Title:  South River Bacterial Source Assessment Project QAPP 
Revision Number: <<3>> 
Revision Date: <<4/13/2010>> 
Page 35 of 78 
 
 35 South River Bacterial Source Assessment Project QAPP, 2010-2011 
 
 
 
 
22. Data Review, Validation and Verification Requirements 
X   To comply with the requirements of the General QAPP, all project data, metadata and quality 
control data shall be critically reviewed by the Monitoring Coordinator and QA Officer to determine if 
there are any problems that compromise data usability. 
 
Describe the process. 
 
23. Validation and Verification Methods 
X   To comply with the requirements of the General QAPP, all project data and metadata are reviewed 
and approved as usable data or as un-usable when the data are questionable for any reason. 
 
X  Data validation and verification will occur as described in Table 19.1, and will include checks on: 
X   Completion of all fields on data sheets; missing data sheets 
X   Completeness of sampling runs (e.g. number of sites visited/samples taken vs. number 
proposed, were all parameters sampled/analyzed?) 
X   Completeness of QC checks (e.g. number and type of QC checks performed vs. number/type 
proposed) 
X   Number of samples exceeding QC limits for accuracy and precision and how far limits were 
exceeded. 
□ Other _____________________________________________________________ 
 
 
 
 
The Monitoring Coordinator will review field and laboratory data after each sampling run and 
take corrective actions as described in Table 19.1.  At least once during the season, at the end of 
the season and if questions arise, the Monitoring Coordinator will determine if the data appears 
to meet the objectives of the QAPP and decide on any actions to take if problems are found.   
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24. Reconciliation with Data Quality Objectives 
To comply with the requirements of the General QAPP, at the conclusion of the sampling season (i.e., 
after all in-season quality control checks, assessment actions, validation and verification checks and 
corrective actions have been taken), the resulting data set will be compared with the program’s data 
quality objectives (DQOs). 
This review will include, for each parameter, calculation of the following: 
X      Completeness goals:  overall % of samples passing QC tests versus number proposed in 
 Element 7 
X      Percent of samples exceeding accuracy and precision limits 
X      Average departure from accuracy and precision targets. 
□ Other ___________________________________________________ 
 
X       After reviewing these calculations, and taking into consideration such factors as clusters of 
unacceptable data (e.g. whether certain parameters, sites, dates, volunteer teams etc. produced poor 
results), the Monitoring Coordinator, QA Officer and TAC members (as applicable) will evaluate 
overall program attainment of DQOs and determine what limitations to place on the use of the data 
(qualifiers, most likely), or if a revision of the DQOs is allowable. 
 
□ Other _______________________________________________________________________ 
 
The following process describes how project data are compared to the program’s data quality objectives 
(DQOs) and the mechanisms used to accomplish it. 
Data will be compared within duplicates and within categories of conditions such as similar weather 
conditions, especially rainfall. Deviations will be noted. Any patterns of inconsistency will be traced 
to their source and data noted as suspicious. If inconsistencies arise within the sampling period, 
changes in sampling (different volunteers or re-calibration of instruments) will be made to ensure 
data quality objectives are met.
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Attachments 
 
Attachment A. NSRWA Equipment Calibration and Field Sampling Methods 
 
Attachment B.  CSCR SOPs for E. coli, Total coliform, and Enterococci 
 
Attachment C.  G & L Labs SOPs for E. coli, Total coliform, and Enterococci 
 
Attachment D. Field Data Form and Chain of Custody 
 
Attachment E. CSCR Lab Data Sheet 
 
Attachment F. NSRWA Training Record 
 
Attachment G. Sample Bottle Label 
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Attachment A: NSRWA Equipment Calibration and Field Sampling Methods 
 
YSI 85 Maintenance and Calibration 
 
Dissolved Oxygen 
The YSI 85 meter must be calibrated for dissolved oxygen (DO) prior to sampling. Calibration 
should be conducted indoors. To calibrate the meter, first ensure that the sponge inside the probe 
chamber is wet.  
1) Leave the probe inside the chamber and turn on the meter.   
2) Press mode until percent dissolved oxygen (% to right of number) is showing.  
3) Wait until the temperature and DO readings stabilizes (may take 10 minutes). If reading is 
greater than +/- 2% from 100%, the membrane may need to be replaced (see “Membrane 
Replacement”). 
4) Once DO and temperature have stabilized, press both the “up” and “down” arrows 
simultaneously. 
5)  The next screen will show “0”, which is altitude – since we are at sea level, just press 
“Enter”. The screen will now say “Cal”.  
6) Ensure that the DO reading (larger number in center of screen) is stable, then press “Enter”.  
 
Conductivity 
The YSI 85 is calibrated at the factory and shouldn’t need calibration often, if at all. However, if 
the meter is reading erratically or the cell constant upon turning on the meter isn’t 5.0cm +/- 4% 
(per the Operations Manual) it may need checking. 
1) Fill a small container with at least 3 inches of 10 mS/cm calibration solution. 
2) Display conductivity by pressing the “Mode” key. 
3) Place probe in solution, ensuring the oval hole on the side is covered. 
4) Wait at least a minute for the temperature to stabilize. 
5) Wiggle the probe to get any bubbles out, and press both the “up” and “down” arrows 
simultaneously. The screen will say “Cal”. 
7) Use the arrows to change the number on the screen to 10.00, and press “Enter” 
 
Membrane Replacement 
Erratic readings may mean the membrane needs replacing. Replace the membrane at the start of 
each field season or if the membrane appears damaged. 
1) Remove the probe guard and old membrane cap. 
2) Rinse the sensor tip with DI water. 
3) Fill the new membrane halfway with KCl solution, and carefully screw it onto the probe – it 
will overflow a bit. 
4) Screw the probe guard back on. 
 
Field Sampling 
Pick up cooler, bottles, YSI meter, and sampling stick at NSRWA office.  Plan to start sampling 
>2 hours after high tide and begin at the downstream end of the river. Before sampling, fill 
cooler with ice to keep samples cold. 
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YSI 85 (conductivity, salinity, temperature)  
- At each site, use YSI meter to record water temperature, conductivity, and 
salinity. Use the “Mode” key to move between measurement types. 
- You can recognize the different modes by the unit displayed to the right. 
i. Temperature is always displayed (°C) 
ii. Dissolved oxygen is measured in mg/L (not used for this project) 
iii. Conductivity is measured in either S/cm (for fresher water) or mS/cm 
(for saltier water). The meter will automatically adjust the units. Measure 
when the °C next to the temperature is NOT flashing. 
iv. Salinity is measured in ppt. 
- Record parameter data on datasheet only once reading has stabilized. If DO 
reading or conductivity readings do not stabilize, notify NSRWA Watershed 
Ecologist. 
 
 
Bacterial sampling 
- At each site you will collect two bottles of water, one for E. coli/total coliform 
sampling, the other for enterococci sampling. The bottles will be clearly labeled 
with site number and sample type. Each sampling round, per 10 samples, you will 
also have 1 random field duplicate and 1 random lab duplicate for coliform 
bacteria and enterococci. These will be pre-assigned and written on your field 
sheet by the monitoring coordinator. If you are collecting duplicate samples, 
collect them as you would collect a normal sample, ensuring the bottle is properly 
labeled as a field or lab duplicate. 
- To collect water: Dip the bottle underwater with the mouth facing upstream of 
your hand and uncap. Collect sample, leaving ~0.25 inches of space for mixing at 
the lab. Close cap tightly and place in cooler with ice.   
- Once you have sampled at every site, immediately bring the bottles to CSCR (and 
deliver the QA/QC duplicate to G&L in Quincy) because the samples have a <6 
hour holding time. The lab will take the bacterial sampling bottles from you and 
sign the chain of custody form. The lab should check and record cooler 
temperature upon sample arrival. 
- Return the sampling equipment to the NSRWA office.  
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Attachment B. CSCR SOPs for E. coli, Total coliform, and Enterococci using the IDEXX 
Enterolert and Colilert Systems 
 
Sampling Procedures  
A. Processing Procedures in the Lab using the IDEXX Enterolert and Colilert Systems: 
Overview and Materials  
 Overview: After 24 hour incubation period, the Enterolert system wells fluoresce to 
indicate the presence of enterococci bacteria. The Colilert system wells fluoresce to 
indicate the presence of E. coli and turn yellow to indicate total coliform.  The IDEXX 
Quanti-Tray / 2000 is used to quantify the most probable number/ 100ml of sample 
water.  The absence of enterococcus bacteria or E. coli is confirmed by an absence of 
fluorescence and the absence of total coliform is confirmed by an absence of yellow 
coloration. 
 Reagents:  
o WENT020 or WENT200 nutrient-indicator to detect enterococci. This nutrient-
indicator fluoresces when metabolized by enterococci.  
o ONPG nutrient-indicator to detect total coliform. This nutrient-indicator turns 
yellow when metabolized by coliform bacteria. 
o MUG nutrient-indicator to detect E. coli. This nutrient-indicator fluoresces when 
metabolized by enterococci.  
 Shelf life: Up to 12 months stored at 2-30°C (exp. date on box and on each packet) 
 Storage: Store at 2°–30°C away from light. 
 Enumeration: Quanti-Tray/2000 Sterile, disposable, 97-well trays designed for bacterial 
enumeration using Enterolert and Colilert. 
 Range: Maximum counting range of 2,419 per 100 mL without dilution; by diluting 
samples to 10 ml, the range increases to a maximum of 24,190.  Further dilution to 1ml, 
increases the range to 241,900 colonies / 100ml sample. 
 Time to results: 24 hours 
 Sterilized water: 100ml sterilized water purchased from IDEXX for dilutions 
Pipette: Based on DEP recommendations during a February 2007 training session with 
CSCR staff and students, CSCR will adopt the use of Jencons Scientific, Inc. Smoothie 
Pipette Filler to ensure accurate pipetting of dilutions.  Disposable plastic, sterile serological 
pipettes are used with the Jencons Smoothie.   
Mixing Vessel: Sterilized 120 ml or greater mixing vessel; use either pre-sterilized, sealed 
commercial cups used for sampling, or CSCR autoclaved mixing vessels.  IMPORTANT: 
only those CSCR mixing vessels that are clearly marked with heat sensitive autoclave tape 
with a foil-covered lid are sterile. 
Fisherbrand Redi-tips: Autoclaved, sterilized transfer pipette tips 
Pipette rack: Eppendorf Biopur ep T.I.P.S. 10 ml rack 
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Lab Gloves: sterilized lab gloves MUST be worn by all students participating in the 
handling or processing of bacterial samples.  
Isopropyl alcohol:  used for wiping clean all surfaces in the CSCR lab prior to processing 
samples.   
IDEXX Quanti-Tray Sealer: machine used to seal samples in Quanti-Trays. 
Rubber Insert: Insert used for securing Quanti-Tray for placement in Sealer. 
viewing box 
 
 
Quanti-Tray® Enumeration Procedure from IDEXX 
 
1. Note that the incubator is on and that the temperature is 41 oC.   
Record the temperature and time on the Time and Incubator Log in the Lab Book located 
next to the incubator.  
2. Turn on the IDEXX Quanti-Tray Sealer.  A red light turns on when the power is turned 
on.  When the green light on the machine turns on, the Sealer is ready for use.  The red 
light remains on in addition to the green light.  
3. Complete the Time and Incubator Temperature Log. 
4. Wear lab gloves. Lab countertops are prepped for use by wiping all working space with 
isopropyl alcohol.   
5. See IDEXX Procedural Notes for marine and brackish water. 
6. Line up the samples in the time order collected. 
7. Enter all lab batch information under the appropriate heading in the Green Lab Notebook 
located on the lab bench next to the Binder Incubator.  CSCR has adopted in its lab book 
the template header information provided by DEP personnel during the February 24, 
2007 training.   Lab notebook entries are photocopied and bound in the project field 
notebook which is located in the file drawer under computer station #2 in the computer 
lab.    
8. Place the reagent packs in front of each sample on the lab bench.  This helps to keep track 
of sample processing. 
9. Dilute marine and brackish water samples. Use the Jencons Smoothie Pipette Filler and a 
sterile, plastic disposable pipette to draw off 10 milliliters of IDEXX sterilized water.  
Discard this 10ml draw down.  
10. Shake the sample container at least 25 times before removing any water.  
11. Pipette 10ml of sample water from the field sample container and empty the 10ml of 
sample water into the 90ml IDEXX sterile water container.  (For 1ml dilutions, follow the 
same procedure, but draw down only 1ml of sterile processing water and add only 1ml of 
sample to the sterile processing water.) 
12. Tap the reagent pack with your finger to ensure a smooth flow of reagent when the pack 
is open.  Add contents of one reagent pack (WENT020, WENT200, ONPG, or MUG 
nutrient-indicator).  
13. Cap the vessel and invert it gently several times (swirling also helps, but shaking causes 
excessive foaming.  Invert the vessel until all the nutrient indicator has dissolved.  The 
sample will now look very much like a urine sample without any particulate matter 
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suspended and visible to the eye.  If particulates are visible, invert gently and/or swirl 
until the nutrient has completely dissolved. 
14. Prepare the Quanti-Tray.  The student processing the sample must be recorded in the lab 
book.  Use a Sharpie brand permanent marker to write on the back of the tray. Label the 
date, time, sample identification, name of student processing the sample, and the dilution 
factor.  Record the dilution as 10ml sample or 1ml sample.   Follow the model 
prominently on display on the wall above the sealer in the CSCR lab.   
15. Swirl the sample again before adding it to the Quanti-Tray.  Pour the sample/reagent 
mixture into a Quanti-Tray or Quanti-Tray/2000, being careful not to touch any part of 
the inside of the Quanti-Tray. 
16. Place the Quanti-Tray in the rubber insert, always holding the Quanti-Tray in an upright 
position.   
17. Place the rubber insert and the Quanti- Tray in the Sealer.   
18. Extract the sealed Quanti-Tray from the Sealer and place the sealed tray in a 41° (± 
0.5°C) incubator for 24 hours.  RECORD the incubator temperature, time, and date on 
the Incubator Log.  The incubator log is found on the Lab Bench in a 3 ring binder clearly 
labeled “Incubator Log.” 
19. Upon return to CSCR in 24- 28 hours, complete the CSCR IDEXX colony count log.  
The CSCR IDEXX colony count log is found on the Lab Bench next to the Binder 
incubator in a green lab notebook.   
20. After 24-28 hours, the IDEXX Quanti- Tray is examined under a UV light. The IDEXX 
Enterolert system identifies the presence of Enterococci bacteria via fluorescence 
observed in the individual wells of the Quanti-Trays.  The IDEXX Colilert system 
identifies the presence of E. coli bacteria via fluorescence observed in the individual 
wells of the Quanti-Trays and total coliform via yellow coloration observed in the 
individual wells (in normal light.) 
21. Count the number of wells that fluoresce or are yellow. If using the Quanti-Tray 2000 
system, count the large wells and record that number, then count the small wells and 
record that number as a separate figure.   
22. Using a sharpie marker, record these numbers on the back of the tray. 
23. Using a pen, record these numbers in the lab notebook under the proper headings in the 
CSCR IDEXX colony count log. 
24. The number of colonies can be determined by using the IDEXX Most Probable Number 
table that accompanies the IDEXX Enterolert/Colilert systems. This table is found in the 
sleeve mounted on the wall next to the Binder incubator and on the wall above the 
viewing box at the lab bench on the wall opposite the computer stations in the computer 
room. The table is labeled Most Probable Number chart.  Refer to this chart for 
completing the counting process. 
25. On the MPN chart, find the number of large wells and the number of small wells counted.  
The MOST PROBABLE NUMBER (MPN) of colonies per 100ml of sample is found in 
the matrix chart where these two numbers intersect.   
26. Record this MPN on the back of the tray using a sharpie marker.  
27. Multiply the MPN by the dilution factor of 10 or 100, according the dilution noted on the 
back of the tray.  Record this multiplication with a sharpie marker on the back of the tray.   
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28. Record, with pen, all of this information under the appropriate heading in the CSCR 
IDEXX colony count log in the green lab notebook. 
29. If possible, also record the final colony count on the field data sheet.  If not possible, if 
data sheet not found, BE SURE to COMMENT that the final colony count has NOT been 
recorded on the field data sheet.  
30. For QA/QC purposes, run a lab blank for each batch of samples.  Run lab duplicate 
samples at a minimum of one per batch.  Positive and negative indicator organisms are 
not used at this time of writing.  An addendum outlining CSCR safety and lab 
protocols for the use of positive and negative indicator organisms will be submitted 
at a later date upon development of these protocols in consultation with DEP 
personnel. 
31. Collect all waste materials (pipette tips sample containers, used trays, gloves, etc.) for 
autoclaving in Hazard Materials bags.   
 
 
Result Interpretation notes from IDEXX: 
1. Note: The UV light can harm your eyes, therefore only use the IDEXX UV viewing box 
when interpreting Quanti-Tray results. 
2. Look for fluorescence with a 6-watt, 365-nm, UV light within 5 inches of the sample in a 
dark environment. CSCR uses the IDEXX viewing box that faces the light away from the 
viewer’s eyes and towards the sample. 
3.  Results are definitive at 24–28 hours.  
4. Recall that marine water samples must be diluted at least tenfold with sterile fresh water. 
Do not forget that one must multiply the MPN value by the dilution factor to obtain the 
proper quantitative result. 
5. Use only sterile, nonbuffered, oxidant-free water for dilutions. 
6. For comparison, a water blank can be used when interpreting results. 
7. Enterolert and Colilert are primary water tests. Performance characteristics do not apply 
to samples altered by any pre-enrichment or concentration. 
8. Aseptic technique should always be followed when using Enterolert and Colilert. 
Title:  South River Bacterial Source Assessment Project QAPP 
Revision Number: <<3>> 
Revision Date: <<4/13/2010>> 
Page 44 of 78 
 
 44 South River Bacterial Source Assessment Project QAPP, 2010-2011 
 
Attachment C.  G & L Labs SOPs for E. coli, Total coliform, and Enterococci 
 
Standard Operating Procedure for the Analysis of E.Coli Bacteria in Water by Using 
EPA’s Modified E.Coli Method (EPA 1603) 
 
1.0 Scope and Application 
The revised Escherichia Coli method is a single-step method that uses one medium, 
modified m-TEC Agar, and does not require the transfer of the membrane filter to 
another medium or other substrate.  The modified medium contains a chromogen (5-
bromo-6-chloro-3-indolyl-B-D-glucuronide), which is catabolized to glucuronic acid and 
a red – or magenta-colored compound by E.coli that produce the enzyme B-D 
glucuronidase.  The modified E.coli method using membrane filter technique provide a 
direct count of E.coli in water based on the development of colonies that grow on the 
surface of a membrane filter. 
2.0 Summary of Method 
In the modified E.coli method, a water sample is filtered through the membrane, which 
retains the bacteria.  After filtration, the membrane containing the bacteria is placed on a 
selective medium, modified mTEC Agar, incubated at 35 ± 0.5°C for 2 hours to 
resuscitate the injured or stressed bacteria and then incubated at 44.5 ± 0.2°C for 22-24 
hours.  The target colonies on modified mTEC Agar are red in color after the incubation 
period and counted with the aid of a fluorescent lamp and a glass lens (2-5 magnification) 
or stereoscopic microscope. 
3.0 Interferences. 
Water samples containing colloidal or suspended particulate material can clog the 
membrane filter, prevent filtration or cause spreading of bacteria colonies which could 
interfere with identification of target colonies. 
4.0 Safety and Precautions. 
  4.1 The analyst must know and observe the normal safety procedures required 
in microbiology laboratory when preparing, using, and disposing of culture 
reagents and operating sterilization equipment. 
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  4.2 The analyst works with water samples of different ranges of contamination and 
should handle all samples and cultures as if they are infections.  Since a variety of 
beneficial and detrimental organisms found that wastewater is an ideal 
environmental to incubate and obtain nutrition. 
 4.3 There are some rules to prevent primary dangers- hand mouth contact and 
the inhalation of airborne wastewater mists while handling contaminated laboratory 
materials. Never pipet by mouth.  Use personal protection equipment: gloves, 
goggles, lab coats.  Place cultures and contaminated materials in color-coded 
biohazard bags immediately after use.  
 
 4.4 Discard all used pipets in red biohazard bags for autoclaving. Sterilize 
contaminated materials (cultures, sample bottles, and used glassware) by autoclaving 
before throwing them away.  
 
 4.5 Use heat-indicating tape to identify supplies and materials that have been 
   sterilized, and prospore ampoules (weekly) which indicate exposure to heat 
   to confirm proper sterilization procedures.  
 
4.6 Do not place discarded pipets on tabletops, on laboratory carts or sinks. Disinfect 
tabletops and work carts before and after laboratory work with a 10% bleach solution. 
 
4.7 Frequently disinfect hands.  Do not smoke, drink, or eat while in the laboratory. 
 
5.0 Equipment and Supplies. 
 
5.1 Glass lens, 2-5X magnification, or stereoscopic microscope. 
 
5.2 Lamp with cool, white fluorescent bulb and diffuser. 
 
5.3 Hand tally or electronic counting device. 
 
5.4 Pipets, sterile, To deliver (T.D.) bacteriological or Mohr, glass or plastic, of 
appropriate volume. 
 
5.5 Graduated cylinders, 100-1000 mL, sterile, covered with aluminum foil or kraft 
paper. 
 
5.6 Membrane filtration units (filter base and funnel), sterile, glass, plastic, or 
stainless steel, wrapped with aluminum foil or kraft paper to maintain sterility. 
 
5.7 Ultraviolet unit for sanitizing the filter funnel between filtrations (optional). 
Title:  South River Bacterial Source Assessment Project QAPP 
Revision Number: <<3>> 
Revision Date: <<4/13/2010>> 
Page 46 of 78 
 
 46 South River Bacterial Source Assessment Project QAPP, 2010-2011 
 
 
5.8 Line vacuum, electric, vacuum pump, or aspirator.  (In an emergency or in the 
field, a hand pump or a syringe, equipped with a check valve to prevent the return 
flow of air, can be used.) 
 
5.9 Filter flask, vacuum, usually 1 L, with appropriate tubing.  A filter manifold to 
hold a number of filter bases is optional. 
 
5.10 Vacuum flask for safety trap, placed between the filter flask and the vacuum 
source. 
 
5.11 Forceps, straight or curved, with smooth tips to handle filters without damage. 
 
5.12 Ethanol, methanol, or isopropanol in a small, wide-mouth container, for flame-
sterilizing forceps. 
 
5.13 Burner, Bunsen or Fisher type, or electric incinerator unit for sterilizing 
inoculation loops. 
 
5.14 Thermometer, checked against a National Institute of Standards and Technology 
(NIST)-certified thermometer, or one traceable to a NIST thermometer. 
 
5.15 Petri dishes, sterile, plastic, 9x50 mm, with tight-fitting lids; or 15x60 mm, glass 
or plastic, with loose-fitting lids; or 15x100 mm. 
5.16 Bottles, milk dilution, borosilicate glass, screwcap with neoprene liners, marked 
at 99 mL for 1:100 dilutions.  Dilution bottles marked at 90 mL or tubes marked 
at 9 mL may be used for 1:10 dilutions. 
 
5.17 Flasks, borosilicate glass, screwcap, 250-2000 mL volume. 
 
5.18 Membrane filters, sterile, white, grid-marked, 47-mm diameter, with 
0.45±0.02µm pore size. 
 
5.19 Inoculation loops, at least 3-mm diameter, and needles, nichrome and platinum 
wire, 26 B&S gauge, in suitable holders.  Disposable applicator sticks or plastic 
loops are alternatives to inoculation loops.  Note:  A Platinum loop is required for 
the cytochrome oxidase test in the verification procedure. 
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5.20 Incubator maintained at 35±0.5°C, with approximately 90% humidity if loose-
lidded petri dishes are used. 
 
5.21 Water-bath maintained at 44.5±0.2°C. 
 
5.22 Waterbath maintained at 50°C for tempering agar. 
 
5.23 Test tubes, 20x150 mm, borosilicate glass or plastic. 
 
5.24 Test tubes, 10x75 mm, borosilicate glass. 
 
5.25 Test tube caps, aluminum or autoclavable plastic, for 20-mm diameter test tubes. 
 
5.26 Test tubes, 16x125 mm or other appropriate size, with screwcaps. 
 
5.27 Filter paper. 
 
5.28 Whirl-Pak® bags. 
  
6.0 Reagents and Media  
 6.1 Phosphate Buffered Saline 
Dissolve the ingredients of sodium dihydrogen phospate 0.58g, sodium 
monohydrogen phosphate 25g, sodium chloride 8.5g in 1 liter of reagent-grade 
distilled water in a flask.  Mixing well and dispensing in appropriate amounts for  
dilutions in screwcap bottles or culture tubes, and/or into containers for uses as 
rinse water.  Autoclave at 121°C (15 lb pressure) for 15 minutes.  Final pH should 
be 7.4 ± 0.2. 
6.2. Phosphate Buffered Dilution Water 
6.2.1. Stock Phosphate Buffer Solution – Dissolve 34.0g of phosphate dihydrogen 
phosphate in 500ml of reagent grade distilled water.  Adjust the pH of the solution 
to 7.2 with 1N NaOH, and bring the volume to 1L with reagent-grade distilled 
water.  Sterilize by filtration or autoclave at 121°C (15 lb pressure) for 15 
minutes. 
 
6.2.2. Stock Magnesium Chloride Solution – Add 38g anhydrous MgCl2 to 1L reagent-
grade distilled water.  Sterilize by autoclave at 121°C (15lb pressure). 
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6.2.3. Storage of Stock Solution- After sterilization, store the stock solution in the 
refrigerator until use handle aseptically.  If evidence of mold or other 
contamination appears, the affected stock solution should be discarded and a fresh 
solution should be prepared. 
 
6.2.4. Working Phosphate Buffered Dilution Water – Mix 1.25mL of the stock 
phosphate buffer and 5mL of the MgCl2  stock per liter of reagent- grade distilled 
water.  Dispense in appropriate amounts for dilutions in screwcap bottles or 
culture tube and/or into containers for use as rinse water.  Autoclave at 121°C 
(15lb pressure) for 15 minutes.  Final pH should be 7.0 ± 0.2. 
 
6.3 Modified mTEC Agar – Add 45.6g dehydrated modified mTEC medium to 1L of 
reagent-grade distilled water in a flask and heat to boiling until the medium 
dissolves.  Autoclave at 121°C (15 lb pressure) for 15 minutes and cool in a 50°C 
waterbath.  Pour the medium into each 9X50mm culture dish to a 4-5mm depth 
(approx. 4-6 mL), and allow to solidify.  Final pH should be 7.3 ± 0.2.  Store in a 
refrigerator. 
 
6.4 Nutrient Agar – Add 23g dehydrated Nutrient Agar to 1L of reagent-grade 
distilled water, and mix well.  Heat to boiling to dissolve the agar completely.  
Dispense in screwcap tubes, and autoclave at 121°C (15 lb pressure) for 15 
minutes.  Remove the tubes and slant.  Final pH should be 6.8 ± 0.2. 
6.5 Tryptic Soy Broth – Add 30g dehydrated Tryptic Soy Broth to 1L of reagent-
grade distilled water.  Warm the broth and mix gently to dissolve the medium 
completely.  Dispense in screwcap tubes and autoclave at 14°C (15 lb pressure) 
for 15 minutes.  Final pH should be 7.3 ± 0.2. 
 
6.6 Simmons Citrate Agar – Add 24.2g simmons citrate agar to 1L of regent-grade 
distilled water.  Heat to boiling to dissolve completely.  Dispense in screwcap 
tubes and autoclave at 121°C (15 lb pressure) for 15 minutes.  Cool the tubes in a 
50°C waterbath and slant.  Final pH should be 6.8 ± 0.2. 
 
 
6.7 Tryptone 1% - Add 10g tryptone or trypticase peptone to 1L of reagent-grade 
distilled water, and heat, mixing until dissolved.  Dispense in 5mL volumes in 
tubes and autoclave at 121°C (15lb pressure) for 15 minutes.  Final pH should be 
7.2 ± 0.2. 
 
6.8 EC Broth – Add 37g dehydrated EC medium to 1L of reagent-grade distilled 
water and warm to dissolve completely. Dispense into fermentation tubes.  
Autoclave at 121°C (15lb pressure) for 15 minutes.  Final pH should be 6.9 ± 0.2. 
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6.9 Oxidase Reagent – N,N, N’,N’- tetramethyl-p-phenylenediamine dihydrochloride, 
1% aqueous solution (1g per 100mL sterile reagent-grade distilled water). 
 
6.10 Kovacs Indole Reagent – Dissolve p-dimethylaminobeugeldehyde in alcohol 
slowly and hydrochloric acid, and mix. 
 
7.0 Sample Collection, Preservation, Storage and Holding Time 
 
Sampling procedures are described in detail in the USEPA microbiology methods 
manual, Section 2, A (5).  Adherence to sample preservation procedures and holding 
time limits its critical to the production of valid data.  Samples shall not be analyzed if 
these conditions are not met. 
 
 7.1.1  Storage Temperature and Handling Conditions 
Ice or refrigerate bacteriological samples at a temperature of 1-4 º C during transit to the 
laboratory.  Use insulated containers to assure proper maintenance of storage temperature.  
Take care that sample bottles are not totally immersed in water during transit or storage. 
7.1.2   Holding Time  
Examine samples as soon as possible after collection.  Samples must be analyzed within 6 
hours of collection. 
 
 
8.0 Quality Control 
 
8.1    Incubator Temperature Controls  
 Check temperatures of incubators daily to ensure operation within temperature limits 
(41.0±0.5°). Record temperature reading and time on equipment log at a frequency of at least 
two times per day (AM & PM) and 4 hours apart. 
 
 
 8.2 Media Negative and Positive Controls 
Negative and positive controls must be run with each batch of pre-made media  
prior to use. Technician must test the performance of each batch of laboratory prepared 
media with one pure culture of a known positive reaction and one pure culture of a known 
negative reaction prior to use pre-made media. 
 
 8.3    Duplicate Samples 
 10% of routine samples must be analyzed in duplicate and the precision of duplicate results 
must be in the range of logs. 
 
8.3.1 Precision Quantity Method 
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  A.  Perform duplicates on first 15 positive samples of each type with set of 
duplicates analyzed by single analyst, include all analysts regularly running the 
tests. With each analyst, performing approximately an equal number of test. 
Record duplicate analyses as D1 and D2. 
 
  B.  Calculate the logarithm of each result. If either of a set of duplicate results is 
<1, add 1 to both values before calculating the logarithms. 
 
  C.  Calculate the range (R) for each pair of transformed duplicates as the mean 
(R) of these ranges. (See Table I) 
 
 D.   Analyze 10% of routine samples in duplicate. Transform the duplicates into 
daily checks of duplicate count database and calculate their range. If the range is 
greater than 3.27R, there is greater than 99% probability that the laboratory 
variability is excessive. Determine if increased imprecision is acceptable. If not, 
discard all analytical results since the last precision. Identify and resolve the 
analytical problem before making further analysis. (See Table II) 
 
 E.  Updating the criterion periodically using the most recent sets of 15 duplicate 
results. 
  
8.4  Filter Blank Controls 
  Filter blanks of beginning and end must be run with each batch of samples. One is 
at the beginning of the filtration and another one is at the ending of filtration. The results of 
blank controls must be negative. 
 
8.5  Prepared Buffer Dilution Water QC 
The prepared buffer dilution water must be checked for sterility per batch. Add 50 
ml of the water to a 50 ml volume of a double strength non-selective broth (e.g. 
tryptic soy broth or tryticase soy broth, or tryptose broth) and incubate at 35±0.5°C 
for 24 hrs and 48 hrs. Check growth and record results. 
     
 
 9.0 Calibration and Standardization 
 
   9.1 Check temperatures in incubators 
daily to ensure operation within stated limits. Check thermometers at least annually against an 
NIST certified thermometer or one that meets the requirements of NIST Monograph SP 250-23.  
Check mercury columns for breaks. 
 
10.0 Modified E.Coli Test Procedure 
 
10.1 Prepare the modified mTEC Agar as directed above in the “Reagent and Media” 
section. 
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10.2 Sterilize enough phosphate buffer rinse water to complete all samples. 
10.3 Sanitize the bench surface and select three petri dishes containing modified 
mTEC Agar for each sample in the analytical run.  Select one sample for  
duplicate analysis for each batch of ten samples and get two petri dishes for 
dilution blank controls.  One is at the beginning of the test and another one is at 
the end of the test.  Positive control has to be run with every batch of ten or fewer 
water samples. 
10.4 Mark the lab. ID number and sample ID number as well as the volume to be 
filtered on each pre-made petri dish containing modified m-TEC Agar. 
10.5 Place a sterile membrane filter on the filter base grid side up, and attach the funnel 
to the base so that the membrane filter is held between the funnel and the base. 
 10.6 Shake the sample bottle vigorously at least 25 times to distribute the bacteria 
uniformly, and measure the desired volume of sample or dilution into the funnel.  
10.7 Select sample volumes based on previous knowledge of the pollution level to 
produce 20-80 E.Coli colonies on the membranes.  Typically, 20mL, 5mL and 
1mL sample volumes are used for dry weather surface water samples.  Samples 
from certain locations or of unknown contamination levels may need to be further 
diluted. 
10.8 Smaller sample sizes or sample dilutions can be used to minimize the interference 
of turbidity of for high bacterial densities.  Multiple volumes of the same samples 
or sample dilutions may be filtered and the results may be combined. 
10.9 Filter the sample and rinse the sides of the funnel at least twice with 20-30mL of 
sterile buffered rinse water.  Turn off the vacuum and remove the funnel form the 
filter base. 
10.10 Use sterile forceps to aseptically remove the membrane filter from the filter base 
and roll it onto the modified mTEC Agar to avoid the formation of bubbles 
between the membrane and the agar surface.  Reset the filter if bubbles occur.  
Run the forceps around the edge of the filter to be sure that the filter is properly 
seated on the agar.  Close the dish, invert, and incubate at 35 ± 0.5°C for 2 hours.  
10.11 After the 2 hour incubation at 35 ± 0.5°C, transfer the plate to the plate chamber 
and incubate the chamber with inverted plate in the waterbath. 
10.12 After 22-24 hours incubation, remove the plate from the waterbath, count and 
record the number of red or magenta colonies with the aid of 2-5X magnification 
or a stereoscopic microscope. 
10.13 Select the membrane filter with an acceptable number (20-80) and calculate the 
number of E.Coli per 100mL according to the following general formula. 
 
 100 (number of E.coli colonies converted)  
E.Coli/100mL =    
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    (Volume of sample filtered in mL) 
 
For general counting rules, see the USEPA microbiology methods manual, part II, 
section C.3.5. 
 
  
 10.14 Reporting Results. 
There should be at least three volume filtered per sample.  Final results should be 
reported as colonies per 100 ml of sample. 
10.15 Verification Procedure. 
Red or magenta colonies can be verified as E.Coli. Verification of colonies may 
be required in evidence gathering and is also recommended as a means of quality 
control for the initial use of the test and for changes in sample sites, lots of 
commercial media, or major ingredients in media compound in the laboratory.  
The verification procedure follows. 
10.15.1 Using a sterile inoculation loop, transfer growth from the centers of at 
least 10 well isolated typical colonies to Nutrient Agar Plated or slants 
and to Trypticase Soy Broth.  Incubate the agar and broth cultures for  
 24 hours at 35±0.5°C. 
10.15.2 After 24 hour incubation, remove a loopful of growth form the Nutrient 
Agar with a platinum loop and deposit it on the surface on a piece of 
filter paper that has been saturated with freshly prepared cytochrome 
Oxidase Reagent.  If the spot where the bacteria was deposited turns 
deep purple within 15 seconds, the test is positive. 
10.15.3 Transfer growth from the Trypticase Soy Broth to Simmons Citrate 
Agar, Tryptone Broth and an EC Broth fermentation tube. 
10.15.4 Incubate the Simmons Citrate Agar and Tryptone Broth for 48 hours at 
35 ± 0.5°C. 
10.15.5 Incubate the EC Broth at 44.5 ± 0.02°C in a waterbath for 24 hours.  The 
water level must be above the level of the EC Broth in the tube. 
10.15.6 Add 0.5mL of Kovacs Indole Reagent to the 48 hour Tryptone Broth 
Culture and shake the tube gently.  A positive test for indole is indicated 
by a deep red color that develops in the alcohol layer on top of the broth. 
10.15.7 E.Coli is gas-positive, indole-positive and oxidase-negative and does not 
utilize Citrate (i.e., the medium remains green). 
10.15.8 Alternately, commercially available multi-test identification systems 
may be used to verify colonies.  Inoculate the colonies into an 
identification system for Enterobacteriaceae that includes lactose 
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fermentation, O-mtrophenyl-B-D-galactopyranoside (ONPG), and 
cytochrome oxidase test reactions. 
11.0 References 
 
11.1 “Standard Methods for the examination of water and wastewater”, 20th Edition, 
1998. 
 
11.2 “Improved Enumeration Methods for the Recreational Water Quality Indicators: 
Enterococci and Escherichia Coli”.  USEPA, Mar 2000. 
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STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF TOTAL 
COLIFORM BACTERIA IN AQUEOUS SAMPLES BY THE MEMBRANE FILTER 
TECHNIQUE 
 
1.0 SCOPE AND APPLICATION 
 
 
Identification of bacteria that constitute the coliform group sometimes is necessary to 
determine the nature of pollution. This method describes a membrane filter (MF) procedure 
for the detection and enumeration of total coliform. Coliform are defined as facultative 
anaerobic, gram-negative non-spore-forming rods that ferment lactose with gas formation 
within 48 hours at 35ºC. By membrane filter method, coliform produce a dark red colony 
with a metallic sheen within 24 hours on an selective media of M-Endo medium containing 
lactose.  The membrane filter (MF) technique is highly reproducible, can be used to test 
relatively large sample volumes, and usually yields numerical results rapidly. The membrane 
filter technique is extremely useful in monitoring drinking water and a variety of nature 
waters. However, the MF technique has limitations, particularly when testing waters with 
high turbidity or large numbers of non-coliform (background) bacteria.  
 
 
2.0 SUMMARY OF METHOD 
 
 
The MF method provides a direct count of total coliform bacterial colonies on the surface of 
the membrane filter.  A water sample is filtered through the membrane, which retains the 
bacteria. After filtration, the membrane containing the bacterial cells is placed on an 
absorbent pad saturated with mF- Endo broth in a petri dish.  The dish is incubated at 
35±0.5ºC for 24 hours. After 24 h incubation, red colonies with metallic sheen will be 
counted as coliform. Some members of the total coliform group may produce dark red, 
mucoid, or nucleated colonies without a metallic sheen. So verification procedure is needed 
to follow especially for drinking water sample. 
 
 
3.0 INTERFERENCES  
 
3.1 Water samples containing colloidal or suspended particulate material or with high 
turbidity can clog the membrane filter, prevent filtration, or cause spreading of bacterial 
colonies which could interfere with identification of target colonies. 
 
3.2 The presence of toxic substances in water or wastewater, such as chlorine, heavy 
metals and some chemicals, changes in pH and temperature, may cause some injury in 
coliforms and reduce the number of indicator bacteria.  
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4.0  SAFETY AND PRECAUTIONS  
 
 
 4.1 The analyst must know and observe the normal safety procedures required in micro- 
laboratory when preparing, using, and disposing of culture reagents and operating 
sterilization equipment. 
 
 4.2 The analyst works with water samples of different ranges of contamination and should 
handle all samples and cultures as if they are infections.  Since a variety of beneficial 
and detrimental organisms found that wastewater is an ideal environmental to incubate 
and obtain nutrition.   
  
4.3 There are some rules to prevent primary dangers- hand mouth contact and the 
inhalation of airborne wastewater mists while handling contaminated laboratory 
materials. Never pipet water sample by mouth.  Use personal protection equipment: 
gloves, goggles, and laboratory coats.  Place all used pipets in the bleached water and 
then disregarded in the biohazard bags. Place cultures and contaminated materials in 
color-coded biohazard bags immediately after use.  
 
4.4 Discard all the petri dishes in red biohazard bags for autoclaving. Sterilize 
contaminated materials (cultures, sample bottles, and used glassware) by autoclaving 
before throwing them away.  
 
 4.5 Use heat-indicating tape to identify supplies and materials that have been 
 sterilized, and ampoules (weekly) which indicate exposure to heat 
 to confirm proper sterilization procedures.  
 
4.6 Do not place discarded pipets on table tops, on laboratory carts or sinks. Disinfect 
tabletops and work carts before and after laboratory work with a 10% bleach solution. 
 
4.7 Frequently disinfect hands.  Do not smoke, drink, or eat while in the laboratory. 
 
5.0  APPARATUS AND MATERIALS 
  
5.1 Membrane filtration apparatus, Millipore plastic filter holder 47 mm or contains a 
300ml funnel. 
5.2 Vacuum pump, Millipore or equivalent 
5.3 Manifold, 6-position stainless steel or equivalent. 
5.4 Vacuum filter flask, 1 liter. 
5.5 Silicone rubber tubing. 
5.6 Smooth flat forceps, without corrugations on the inner sides of the tips. Sterilize before 
use by dipping in 95% ethyl or absolute methyl alcohol and flaming. 
5.7 Autoclave, NAPCO MODEL 9000-DSE or equivalent. 
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5.8 Incubator maintained at 35.0 ±  0.5ºC 
5.9 Waterbath maintained at 44.5 ± 0.2ºC. 
5.10 Petri dishes, pre-sterilized with absorbent pads, disposable (50 mm diameter or 
equivalent) Gellman #7245, Millipore PD10047SO or equivalent. 
5.11 Membrane filters, GN-6 Metrical, (0.45 um pore size, 47 mm diameter), pre-sterilized, 
white and gridded, Gellman #66068 or equivalent. 
5.12 Disposable sterile pipets, polystyrene (1 ml, 10 ml) Costar stripette # 4485, # 4488 or 
equivalent.  
5.13  Forceps, straight or curved, with smooth tips to handle filters without damage.  
5.14  Burner, alcohol, Bunsen or Fisher type for forceps and inoculating loop  
 sterilization. 
 5.14 Graduated cylinders should be sterilized and covered with aluminum foil.  
5.15  pH meter with pH 0.01 resolution. 
5.16  Microscope with light source. Millipore or equivalent. 
5.17  Hand tally counter for counting colonies.  
5.18  Dilution bottles, marked at 99 ml to be filled with diluents for sample dilutions.  
5.19  Thermometer, checked yearly against a National Institute of Standards and 
Technology (NIST) certified thermometer (to be performed by Laboratory 
Supervisor or trained analyst).  Document results in the Temperature QC log. 
5.20  Glass Wheaton-type media bottles to be filled with phosphate rinse water for 
rinsing, filters, 500ml size with teflon-lined caps.  
5.21 Autoclave tape, for visual indication of sterilization. 
5.22 Maximum Thermometer, autoclave need to be checked for accurate temperature 
Each load. 
5.23  Prospore Ampules, ATC 7953 – autoclave controls containing a suspension of 
Bacillus stearothermophilus for checking the lethality of the sterilization process. 
5.24  Specimen containers-sterile, disposable Fisher Brand 4 ounce or equivalent. 
5.25  Lighter, for ignition of alcohol burner 
5.26  Autoclave bags, red. 
 
 
6.0 REAGENTS 
 
 
6.1  Deionized water- DI water ASTM Type II or equivalent 
 
6.2 10% Sodium Thiosulfate-Dissolve 10 g of sodium thiosulfate, Na2S2O3 in  
90ml of DI water.  Autoclave after preparation at 121º C, 15 psi for 15 minutes (100 
ml or less), or 30 to 45 minutes (500ml to 1 liter) 
 
 6.3    Phosphate Rinse Water- Laboratory freshly prepared. Rinse with DI water  
and bring to volume Invert to mix. Check and adjust pH to 7.0 + 0.2. Pour into a 
500 ml glass bottle and place cap loosely on top. Add heat indicator tape to side 
of bottle, write date on tape and autoclave for 15 minutes at 121ºC.  
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 Note:  Unused portions of phosphate buffer from a bottle opened during  
  membrane filtration are to be discarded at the end of the day. 
 
 
6.4 M-Endo Broth (manual preparation) – Suspend 4.8 grams of M-Endo Broth media  
(Difco Brand) in 100 ml of DI water containing2.0ml ethanol (95%, not 
denatured) in a 250 ml screw cap Erlenmeyer flask.  Larger volumes, up to 500 
ml, may be made per batch using the correct proportion of ingredients and a larger 
container.  Boil to dissolve completely. Do not autoclave. Measure the final pH 
and the pH should be 7.2±0.1.  Disregard any medium whose pH differs more 
than 0.5 pH units from 7.2. If needed, slight pH differences can be adjusted using 
1N NaOH or 1N HCI.  The finished medium should be stored in a sterile 
container and in the refrigerator at 2 to 10 ºC.  Unused portions of the broth 
medium should be discarded after 96 hours. Medium controls including positive 
control and negative control should be performed with each batch of medium. 
 
6.5 Methanol, Ethanol, or Isopropanol- reagent grade for flame sterilization of 
forceps. 
 
 
7.0  PROCEDURE  
 
7.0.1 Sterilize enough phosphate rinse buffer water to complete all samples.  
 
7.0.2 Lay some paper towels down on the bench top and select three sterile petri 
dishes with pads for each sample in the analytical run. Select one sample for  
duplicate analysis for every ten samples and get two petri dishes for the blank   
controls One for the beginning, another one is at end. Positive control should be  
run for each batch as well.  
 
7.0.3 Selection of sample size: size of water sample will be governed by expected bacterial 
  density. In drinking water analyses, sample size will be limited only by the degree of  
  turbidity or the noncoliform growth on the medium. For regulation purposes, 100ml  
  is the official sample size for drinking water. An ideal sample volume yield 20-80  
 coliform colonies and not more than 200 colonies of all types on membrane-filter 
surface. 
 
7.04 Label the backside of each petri dish (has frosted appearance or company name)  
with laboratory ID number, sample number and the volume to be filtered.  Most river 
water samples can be analyzed using 10 ml, 1.0 ml and 0.1 ml portions. 
 
7.05 Sterile filtration unit: Use sterile filtration units at the beginning of each filtration 
series as a minimum precaution to avoid accidental contamination. The filter should be 
wrap with aluminum foil and sterilized before each filtration. 
 
7.0.6 Obtain enough M-Endo Broth with the same lot number from the refrigerator to 
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prepare all the petri dishes.  The media will be added to the petri dish from the 
front side.  
 
7.0.7 Accurately measure 2.0 ml of M-Endo broth and add onto the sterile petri dish with 
the sterile absorbent pad inside.  Do not touch the inside of the petri dish! Cover the 
M-Endo Broth container immediately when it is not in use. 
 
7.0.8 place the petri dish onto the paper towel with the front side facing upward.  After a 
few minutes, carefully remove any excess media from the petri dish by removing the 
top cover and gently tapping the dish over the paper towels.  
 
7.0.9 Treated or chlorinated drinking water samples that contain chlorine should be 
collected in the sterile contain which contain sodium thiosulfate pill. 
 
7.0.10 Prepare dilutions of the original sample that will yield between 20 to 80 
colonies on each plate. For drinking water, 100ml of water volume need to be  
filtered. 
 
7.0.11 Sample volumes are based on previous knowledge of: 
a) The pollution level 
b) The amount of rainfall which may impact combined sewer or storm water 
Over flows. 
c)  Visual turbidity estimation.   
 
 
7.1 Dilutions (if necessary) 
 
7.1.1 To minimize the interference of turbidity or high bacterial densities, sample 
dilutions may be used.  Follow the guidelines below in section 7.1.2 if dilutions are 
necessary. 
7.1.2 Preparation of dilutions (if necessary): 
 
a) Shake sample bottle vigorously (about 25 times in 7 seconds) to evenly 
distribute the bacteria. 
b) Pipette as follows to make the following dilution concentrations: 
 
1: 10 dilution Add 11 ml of original sample to 99 ml dilution 
water 
1:100 dilution Add  1 ml of original sample to 99 ml dilution 
water 
1:1000 dilution Add 1 ml of 1:10 dilution to 99 ml dilution 
water 
1:10,000 dilution Add 1 ml of 1: 100 dilution to 99 ml dilution 
water 
1:100,000 dilution Add 1 ml of 1: 1,000 dilution to 99 ml dilution 
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water 
1: 1,000,000 dilution Add 1 ml of 1: 10,000 dilution to 99 ml dilution 
water 
                  
 Note: Do not rinse pipets. Single use only to avoid cross contamination! 
Use a new pipet between each dilution.  
 
7.1.3 Place all samples and prepared dilutions into the refrigerator until ready to  
use. 
 
7.2 Filtration  
 
7.2.1 Use an sterilized membrane filtration apparatus for each water sample.  
When there are only a few samples in the batch, use a separate  
filtration unit for each plate . When there are many samples, it is possible to  
use one filtration unit for all the dilutions from the same sample. 
 
7.2.2 Put on disposable gloves and remove the foil from the sterilized filtration  
apparatus.  Place a blue #8 stopper onto the base and insert the base into a  
1 liter side arm flask. 
 
7.2.3 Dip the forceps into the small container of alcohol and flame sterilize with 
the alcohol burner.  Remove a sterile membrane filter paper from the box, open 
carefully so as to not contaminate the filter paper.  With the sterilized forceps,  
grasp the filter paper and place grid side up onto the base of the filtration assembly. 
 
7.2.4 Carefully, place the top funnel onto the base.  The membrane filter is now held  
  between the funnel and the base. 
 
7.2.5 For filtration volumes less than 20 ml, pour 20 to 30 ml of sterile phosphate 
rinse water into the funnel first with the vacuum off.  
 
7.2.6 Shake the sample bottle vigorously about 25 times to distribute the bacteria 
  uniformly. 
 
7.2.7 Filter the most dilute sample concentration first (smallest sample volume), 
progressing form the least dilute concentration to the undiluted sample.  Pipete 
 the sample volume or diluted sample into the funnel with the vacuum off. 
 
7.2.8 Gently swirl the funnel assembly to distribute the bacteria evenly in the  
Phosphate buffer. 
 
7.2.9 Turn the vacuum on and filter the sample.  Rinse the inside wall of the funnel 
at least twice with the vacuum on using 20 to 30 ml of sterile phosphate rinse water.  
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7.2.10  Remove the filter funnel and lift off the filter using flame-sterilized forceps. 
Transfer the filter immediately to the previously prepared petri dish, using a  
slight rolling motion.  Avoid the formation of bubbles between the membrane  
media surface.  Invert the petri dish and place on bench top until all portions  
  of a sample have been processed.  No more than 5 minutes should pass before  
  placing all petri dishes reversed in a clean class container into the waterbath. 
  
 7.2.11 Place the inverted petri dish into a clean glass container with the cover on and  
  make sure all the plates are kept dry in that container. Then put that glass container 
  into the water bath. Make sure that all the petri dishes should be kept dry and below 
  the surface when in the water baths for incubation. Finally, put the label with the  
  date/time on top of each container, incubate at 35ºC ± 0.5ºC for 22-24 hours.  
 
7.3 Counting Colonies  
 
7.3.1 After 22-24 hour incubation period, remove all petri dishes from water bath. 
7.3.2 To determine colony counts on membrane filters, use a low-power (10-15 
magnifications)  
Binocular wide-field dissecting microscope or magnifier lamp with cool white 
fluorescent light source directed to provide optimal viewing of sheen. The typical 
coliform colony has  
a pink to dark-red color with a metallic surface sheen. Count both typical and atypical 
coliform colonies. The sheen area may vary in size from a small pinhead to complete 
coverage of the colony surface. Atypical coliform colonies can be dark red, mucoid, 
or nucleated without sheen. Generally pink, blue, white, or colorless colonies lacking 
sheen are considered noncoliforms. The total count of colonies (coliform 
andnoncoliform) on m-Endo Broth medium has no consistent relationship to the total 
number of bacteria present in the original sample. A high count of noncoliform 
colonies may interfere with the maximum development of coliforms. Samples of 
disinfected water or wastewater effluent may include stressed organisms that grow 
relatively slowly and produce maximum sheen in 22-24 hours. Organisms from 
undisinfected sources may produce sheen at 16-18 hours, and the sheen subsequently 
may fade after 24 to 30 hours. 
 
 
7.4  CONFIRMATION 
 
7.4.1 Sometimes typical sheen colonies may be produced by organisms and atypical 
colonies (dark red or nucleated colonies without sheen) may be coliforms. 
So confirmation is needed. Verify all typical and atypical colonies for drinking 
water. For not treated water samples, verify at least one typical and atypical 
colonies from each given membrane filter culture. For multiple samples, verify 
10% of the positive samples. Adjust counts on the basis of verification results.  
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7.4.2. Coliform Verification: Using a sterile inoculation loop, carefully transfer typical or 
atypical well isolated colonies into lauryl tryptose broth (LTB) and incubate the 
LTB in the waterbath at 35±0.5ºC for 48 hours. 
 
7.4.2 After 48 hour incubation, use a sterile inoculation loop, transfer 3 loops of sample 
from 
LTB into brilliant green lactose broth and incubate BGLB in waterbath at 35±0.5ºC 
for 24 hours. If there is no gas formed in 24 hours, incubate another 24 hours. After 
24 or 48 hour incubation, any gas formation in BGLB is confirmed as positive 
coliform. No gas formation is coliform negative. 
   
8.0 CALCULATIONS 
 
8.0 Compute the count: using the membrane filters with 20 to 80 coliform colonies and 
not more than 200 colonies of all type per membrane, by the following equation (also 
see Appendix A for general counting rules): 
 
       Coliform colonies counted X 100 
Total Coliform/100ml =        __________________________ 
                                                                   ML sample filtered 
 
If no coliform colonies are observed, record 0 colonies on the laboratory work sheet 
and report Absent for drinking water, <1 coliform/100ml for non-drinking water. 
 
8.1 Adjust the count: for verified coliform counts, adjust the initial count based on the 
positive verification percentage and report as “verified coliform count/100ml.” 
 
   Percentage verified coliforms 
            Number of verified colonies 
 =   ____________________________________________  
                                                                Volume sample 
 
 
8.2 For compounded dilutions of a single sample calculate dilution factors for  
each dilution made, then multiply all dilutions together to get the final dilution factor.  
 
8.3 For examples of calculations, see Appendix A, General Counting Rules. 
 
9.0 SPECIAL NOTES   
 
9.1 Collect a grab sample, aseptically, in a sterilized container (glass or plastic)  
with a minimum 100 ml sample volume.  Add 1 ml of sterile 10% sodium  
thiosulfate solution to the sample container prior to collecting sample if there might be 
residual chlorine in the receiving water (the sodium thiosulfate will neutralize the 
chlorine when it mixes with the sample) 
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9.2 When collecting samples, leave ample space (1 in. or 2.5 cm) in the top of the bottle to 
faciliate mixing of the sample by shaking 
 
9.3 Record date and time of sample collection (and dechlorination if appropriate) 
on chain of custody and on each sample label.  Also record any field observations 
that may be pertinent to the sample.  Store water samples in a cooler containing 
ice pack and water temperature bottle for the duration of the sampling trip.  Transfer 
the samples to a ≤4.4 ºC  refrigerator upon arrival at the laboratory. 
 
9.4 Samples can be stored for up to 6 hours (from time of sample collection) at 
1 to 4 ºC if they do not contain any free chlorine.  
 
 
10.0 QUALITY CONTROL  
 
 
10.1 Check temperatures of incubators daily to insure operation within stated limits 
(35±0.50ºC, 44.5±0.2ºC).  Record temperature reading and times on equipment log at 
a frequency of at least two times per day (AM and PM) with the readings at least 4 
hours apart.  
 
 10.2 A negative control and a positive control must be run with each batch of samples or 
every ten water samples and with each batch of pre-made  media 
 
10.3 Unused portions of phosphate buffer rinse water from a bottle opened 
   during filtration are to be discarded at the end of the day. 
 
10.4 An internal duplicate analysis is run on every tenth sample or one per batch. 
 
 
11.0  REFERENCES 
 
11.0 Standard Methods for the Examination of Water and Wastewater, 19th. 
Edition, 1998, Method 9222D.    
 
 
 
Appendix A   GENERAL COUNTING RULES 
 
 
   A.1   Count all readable plates and record the plate count in record form.  
     Select the plate counts that fall within the acceptable limits 20 to 60 
     colonies per plate whenever possible, for use in final calculations. 
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          A.2   If there are acceptable counts on replicate plates, carry all counts, 
     from the same volume filtered, independently to final reporting units.  
     Then calculate the final reported value by averaging the results of the  
     replicates. 
 
 A.2.1 If more than 1 dilution is acceptable, independently carry counts to 
     final reporting units, then average for final reported value. 
 
  A.3        If all MF counts are below the lower limit, select the Most Nearly  
     Acceptable count(s) from the same filtration volume to be used for final  
     calculations, unless another plate count(s) is judged to be more  
      representative. Most Nearly Acceptable is defined as the plate count  
      closest to the acceptable range (see #1 for acceptable ranges).    
 
 
     Example 1: 
                                                                   
Plate Count Filtration Volume 
            2             1 ml 
            3             1 ml  
           15             10 ml 
           18             10 ml 
 
 
     Calculate the final reporting result using the 15 and 18 plate counts derived 
     from the 10 ml filtration volumes since they are closest to the lower limit of 
     20 colonies.  The final result in the example is 165 fecal coliforms/100ml. 
 
 A.4  If counts from all membranes are zero, calculate a lower detection limit value 
   that plate using the count from largest filtration volume assuming the plate   
count to be one.  Calculate the final result and report result as “<” the calculated count. 
 
A.4.1 If replicate volumes are used, combine the filtration volumes used in the replicates and 
calculate the final detection limit based on the overall volume.  
 
Example 2:  
                                     
Plate Count Filtration Volume 
0              1 ml 
0              1 ml 
 
   Example 3: 
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   Final reporting result: <10 colonies/100ml of sample, based on detection limit 
of overall volume of 10 ml.  
 
A.5  If all membrane counts are above the upper limit, calculate the result using, the 
   plate count(s) from the smallest volume filtered.  
 
 A.6  If the total number of bacterial colonies exceeds 200 per plate or if the colonies 
   are not distinct enough for counting, the plate is referred to as “too numerous to 
count” (TNTC). 
 
A.6.1 If all the plates for the samples are TNTC and the colonies are countable, count 
one-quarter of the membrane for the plate(s) from the smallest volume (or 
highest dilution) filtered.  Multiply the count by 4 to get the estimated plate 
count (record this as the plate count in the workbook) and carry to the final 
reporting units.  Always make a comment when this is utilized since the 
procedure is useful for providing a good estimate but does not reflect an 
accurate result.   
 
       Example 4:    
         
¼ Plate Count Plate 
Count 
Volume Final Result (#100ml) 
115 460 10 4,600 colonies/100ml 
140 560 1 56,000 colonies/100 ml 
 
 
  A.6.2  If all the plates for the sample are uncountable because the colonies are  
     not distinct enough for counting, calculate the result assuming the plate 
     count as 200 for the smallest volume (or highest dilution) filtered.  
     Record TNTC in Plate Count(s) column for all readable plates.  Report 
     the final result as “>” the calculated result.  
 
  Example 5: 
 
       
Plate Counts Filtration 
Volume 
Final Result 
TNTC (>200) 10 ml >2,000 colonies/100ml 
TNTC (>200) 1 ml >20,000 colonies/100ml 
TNTC (>200) 0.1 ml >200,000 colonies/100ml 
Plate Count Filtration Volume 
0 10 ml 
               0             10 ml 
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Standard Operating Procedure for the Analysis of Enterococci in Water by 
using Membrane Filter Test Method (Method 1600) 
 
 
 
1.0 Scope and Application 
 
 1.1 This method describes a membrane filter (MF) procedure for the detection and 
enumeration of the enterococci bacteria in water.  Enterococci are commonly found in the 
feces of humans and other warm-blooded animals.  Although some strains are ubiquitous 
and not related to fecal pollution, the presence of enterococci in water is an indication of 
fecal pollution and the possible presence of pathogens. 
 
1.2 The enterococci test measures the bacteriological quality of recreational waters.   
Epidemiological studies have led to the development of criteria which can be used to promulgate 
recreational water standards based on the established relationship between health effects and 
water quality.  The significance of finding enterococci in recreational water samples is the direct 
relationship between the density of enterococci in the water and swimming-associated 
gastroenteritis studies of marine and fresh water bathing beaches (1,2). 
 
1.3 The test for enterococci can be applied to potable, fresh, estuarine, marine, and shellfish 
growing waters. 
 
1.4 Since a wide range of sample volumes or dilutions can be analyzed by the MF technique, 
a wide range of enterococci levels in water can be detected and enumerated. 
 
2.0 Summary of Method 
 
2.1 The MF method provides a direct count of bacteria in water based on the development of 
colonies on the surface of the membrane filter.  A water sample is filtered through the 
membrane which retains the bacteria. Following filtration, the membrane containing the 
bacterial cells is placed on a selective medium, mEI agar, and incubated for 24 hours at 
41 °C.  All colonies with any blue halo are recorded as enterococci colonies, regardless of 
colony color. Magnification and a small fluorescent lamp are used for counting to give 
maximum visibility of colonies. 
 
 
3.0 Definition 
 
In this method, enterococci are those bacteria which produce colonies with a blue halo after 
incubation on mEI agar. 
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4.0 Interferences 
 
4.1 Water samples containing colloidal or suspended particulate materials can clog the  
membrane filter and prevent filtration, or cause spreading of bacterial colonies which could 
interfere with identification of target colonies. 
 
 
5.0  Safety 
 
5.1 The analyst/technician must know and observe the normal safety procedures required in a 
 microbiology laboratory while preparing, using, and disposing of cultures, reagents, and 
 materials, and while operating sterilization equipment. 
 
5.2 Mouth pipetting is prohibited. 
 
6.0 Equipment and Supplies 
 
6.1 Glass lens with magnification of 2-5X or stereoscopic microscope. 
 
6.2 Lamp, with a cool, white fluorescent tube. 
 
6.3 Hand tally or electronic counting device. 
 
6.4 Pipet container, stainless steel, aluminum or borosilicate glass for glass pipets. 
 
6.5 Pipets, sterile, T.D. bacteriological or Mohr, glass or plastic, of appropriate volume. 
 
6.6  Graduated cylinders, 100-1000mL, covered with aluminum foil or kraft paper and sterile. 
 
6.7  Membrane filtration units (filter base and funnel), glass, plastic or stainless steel, 
wrapped with aluminum foil or kraft paper and sterile. 
 
6.8    Ultraviolet unit for sanitization of the filter funnel between filtrations (optional). 
 
6.9  Line vacuum, electric vacuum pump, or aspirator for use as a vacuum source.  
 
6.10 Flask, filter, vacuum, usually I L with appropriate tubing.  A filter manifold to hold a 
number of filter bases is optional. 
 
6.11 Flask for safety trap placed between the filter flask and the vacuum source. 
 
6.12 Forceps, straight or curved, with smooth tips to handle filters without damage. 
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6.13 Ethanol, methanol or isopropanol in a small, wide-mouth container, for flame-
sterilization forceps. 
 
6.14 Burner, Bunsen or Fisher type, or electric incinerator unit for sterilizing loops and 
needles. 
 
6.15 Thermometer, checked against a National Institute of Standards and Technology (NIST) 
certified thermometer, or one that meets the requirements of NIST Monograph              SP 
250-23. 
 
6.16 Petri dishes, sterile, plastic, 50 X 12 mm, with tight-fitting lids. 
 
6.17 Bottles, milk dilution, borosilicate glass, screw-cap with neoprene liners, marked at 
99mL for 1-100 dilutions.  Dilution bottles marked at 90mL or tubes marked at 9mL may be 
used for 1-10 dilutions. 
 
6.18 Flasks, borosilicate glass screw-cap, 250-2000mL volume. 
 
6.19 Membrane filters, sterile, white, grid marked, 47mm diameter, with 0.45 + 0.02µm pore 
 size. 
 
6.20 Inoculation loops, at least 3-mm diameter, and needles, nichrome or platinum wire, 26 B 
 & S gauge, in suitable holders. 
 
6.21 Incubator maintained at 41± 0.5°C. 
 
6.22 Waterbath maintained at 44-46°C for tempering agar. 
 
6.23 Test tubes, 150 X 20mm, borosilicate glass or plastic. 
 
6.24 Caps, aluminum or autoclavable plastic, for 20mm diameter test tubes. 
 
6.25 Test tubes, screw-cap, borosilicate glass, 125 X 16mm or other appropriate size. 
  
7.0 Reagents and standards 
 
7.1 Purity of Reagents:  Reagent grade chemicals shall be used in all tests.  Unless otherwise 
indicated, reagents shall conform to the specifications of the Committee on Analytical 
Reagents Of the American Chemical Society (3).  The agar used in preparation of culture 
media must be of microbiological grade. 
 
7.2 Whenever possible, use commercial culture media as a means of quality control. 
 
7.3 Purity of water:  Reagent water conforming to Specification D1193, Reagent water 
conforming Type 11, Annual Book of ASTM  Standards (4). 
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7.4 Buffered Dilution Water.   
 
7.4.1 Composition: 
 
Sodium Dihydrogen Phosphate 0.58g 
Sodium Monohydrogen Phosphate 2.50g 
Sodium Chloride 8.50g 
Esculin     1.0g 
Actidione   0.05g 
Sodium Azide   0.15g 
Agar   15.0g 
  
 
7.4.2 Preparation:  Dissolve the ingredients in 1L of reagent water in a flask and 
dispense in appropriate amounts for dilutions in screw-cap bottles or culture tubes 
and/or into containers for use as rinse water.  Autoclave after preparation at 121°C 
(15 1b pressure) for 15 min.  The final pH should be 7.4 ± 0.2. 
 
7.5 mEI Agar 
 
7.5.1 Composition of Basal Medium (mE Agar, Difco 0333) 
 
Peptone 10.0g 
Sodium Chloride 15.0g 
Yeast Extract 30.0g 
Esculin   1.0g 
Actidione 0.05g 
Sodium Azide 0.15g 
Agar 15.0g 
 
7.5.2 Preparation of mEI medium: Add 71.2g of dehydrated basal medium plus 0.75g 
of indoxl B-D glucoside to 1L of reagent grade water in a flask and heat to boiling 
until ingredients dissolve.  Autoclave at 121°C and 15 1b pressure for 15 min and 
cool in a 44-46°C water bath. 
 
7.5.3 Reagents added after sterilization: Mix 0.24g nalidixic acid in 5mL reagent grade 
water, add a few drops of 0.1N NaOH to dissolve; add to the mEI medium.  Add 
0.02g triphenyl terrazolium chloride separately to the mEI medium and mix. 
 
7.5.4 Preparation of mEI Agar Plates: Pour the mEI agar into 50mm petri dishes to a 4 -
5mm depth (approximately 4-6mL), and allow to solidify.  The final pH of 
medium should be 7.1 ± 0.2.  Store in a refrigerator. 
 
7.6 Brain Heart Infusion (BHI) (Difco 0037-02, BBL 11058) 
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7.6.1 Composition: 
 Calf Brain Infusion 200.0g 
 Beef Heart Infusion 250.0g 
 Peptone   10.0g 
 Sodium Chloride     5.0g 
 Disodium Phosphate     2.5g 
 Dextrose     2.0g 
 
7.6.2 Preparation: Dissolve 37g of dehydrated brain heart infusion in 1L reagent grade 
water.  Dispense in 8-10 mL volumes in screw-cap tubes and autoclave at 121°C 
(15lb pressure) for 15 min.  If the medium is not used the same day as prepared 
and sterilized, heat in boiling water bath for several min to remove absorbed 
oxygen, and cool quickly without agitation, just prior to inoculation.  The final pH 
should be 7.4 ± 0.2. 
 
 
7.7 Brain Heart Infusion (BHI) Broth with 6.5% NaC1 
 
7.7.1 Composition: Brain heart infusion broth with 6.5% NaC1 is the same as BHI 
broth in 7.6 with additional NaC1. 
 
7.7.2 Preparation:  Add 60.0g NaC1 per liter of medium.  Since most commercially 
available dehydrated media contain sodium chloride, this amount is taken into 
consideration in determining the final NaC1 percentage above. 
 
7.8 Brain Heart Infusion Agar (Difco 0418-02, BBL 11064) 
 
7.8.1 Composition:  Brain heart infusion agar contains the same components as BHI 
(see 7.6) with the addition of 15.0g of agar per L of BHI Broth. 
 
7.8.2 Preparation:  Heat to boiling until ingredients are dissolved.  Dispense 10-12 mL 
of medium in screw-cap test tubes and sterilize for 15 min at 121°C (151b 
pressure).  Slant after sterilization.  The final pH should be 7.4 ± 0.2. 
 
 
7.9 Bile Esculin Agar (BEA) (Difco 0879) 
 
7.9.1 Composition: 
 
 Bacto Beef Extract 3.0g 
 Bacto Peptone 5.0g 
 Bacto Oxgall 40.0g 
 Bacto Esculin  1.0g 
 Ferric Citrate  0.5g 
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 Bacto Agar 15.0g 
 
Preparation: Add 64.5g of dehydrated BEA to 1L reagent water and heat to boiling to 
dissolve completely.  Dispense in 8-10 volumes in tubes for slants or into flasks for 
subsequent plating.  Autoclave at 121°C at 151b pressure for 15 min.  Overheating may 
cause darkening of the medium.  Cool to 44 - 46°C and dispense into sterile petri dishes.  The 
final pH should be 6.6 ± 0.2.  Store in a refrigerator. 
 
 
8.0 Sample Collection, Preservation, Storage and Holding Time 
 
Sampling procedures are described in detail in the USEPA microbiology methods manual, 
Section 2, A (5).  Adherence to sample preservation procedures and holding time limits its 
critical to the production of valid data.  Samples shall not be analyzed if these conditions are 
not met. 
 
8.1.1 Storage Temperature and Handling Conditions 
 
Ice or refrigerate bacteriological samples at a temperature of 1-4 º C during transit 
to the laboratory.  Use insulated containers to assure proper maintenance of storage 
temperature.  Take care that sample bottles are not totally immersed in water during 
transit or storage. 
 
8.1.2 Holding Time  
 
Examine samples as soon as possible after collection.  Samples must be analyzed  
within 6 hours of collection. 
 
9.0 Quality Control 
 
9.1 Incubator Temperature Controls  
 Check temperatures of incubators daily to ensure operation within temperature 
limits (41.0±0.5°). Record temperature reading and time on equipment log at a 
frequency of at least two times per day (AM & PM) and 4 hours apart. 
 
9.2 Media Negative and Positive Controls 
 Negative and positive controls must be run with each batch of pre-made media  
prior to use. Technician must test the performance of each batch of laboratory 
prepared media with one pure culture of a known positive reaction and one pure 
culture of a known negative reaction prior to use pre-made media. Results must be 
recorded. 
 
 9.3 Duplicate Samples 
  10% of routine samples must be analyzed in duplicate and the precision of duplicate 
results must be in the range of logs. 
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9.3.1 Precision Quantity Method 
 
  A. Perform duplicates on first 15 positive samples of each type with set of 
duplicates analyzed by single analyst, include all analysts regularly running the 
tests. With each analyst, performing approximately an equal number of test. Record 
duplicate analyses as D1 and D2. 
 
 B. Calculate the logarithm of each result. If either of a set of duplicate results is <1, 
add 1 to both values before calculating the logarithms. 
 
   C. Calculate the range (R) for each pair of transformed duplicates as the mean (R) 
of these ranges. (See Table I) 
 
 D. Analyze 10% of routine samples in duplicate. Transform the duplicates into 
daily checks of duplicate count database and calculate their range. If the range is 
greater than 3.27R, there is grater than 99% probability that the laboratory 
variability is excessive. Determine if increased imprecision is acceptable. If not, 
discard all analytical results since the last precision. Identify and resolve the 
analytical problem before making further analysis. (See Table II) 
 
 E. Updating the criterion periodically using the most recent sets of 15 duplicate 
results. 
 
9.4 Filter Blank Controls 
 Filter blanks of beginning and end must be run with each batch of samples. One is 
at the beginning of the filtration and another one is at the ending of filtration. The 
results of blank controls must be negative. 
 
9.5 Prepared Buffer Dilution Water QC 
 The prepared buffer dilution water must be checked for sterility per batch. Add  
 50 ml of the water to a 50 ml volume of a double strength non-selective broth 
 (e.g. tryptic soy broth or tryticase soy broth, or tryptose broth) and incubate at  
 35±0.5°C for 24 hrs and 48 hrs. Check growth and record results. 
 
10.0 Calibration and Standardization 
 
10.1 Check temperatures in incubators daily to ensure operation within stated limits. 
Check thermometers at least annually against an NIST certified thermometer or one that 
meets the requirements of NIST Monograph SP 250-23.  Check mercury columns for breaks. 
 
11.0 Procedure 
 
11.1 Prepare the mEI agar as directed in 7.5. 
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11.2  Mark the petri dishes and report forms with sample identification and sample volumes. 
 
11.3 Place a sterile membrane filter on the filter base, grid-side up and attach the funnel to the 
 base; the membrane filter is now held between the funnel and the base. 
 
11.4 Shake the sample bottle vigorously about 25 times to distribute the bacteria uniformly, 
 and measure the desired volume of sample or dilution into the funnel. 
 
11.5 For ambient surface waters and wastewaters, select sample volumes based on previous 
 knowledge of the pollution level, to produce 20-60 enterococci colonies on membrane.  
 Sample volumes of 1-100mL are normally tested at half log intervals, for example 100, 
 30, 10, 3mL, etc. 
 
11.6 Smaller sample size or sample dilution can be used to minimize the interference of 
 turbidity or high bacterial densities.  Multiple volumes of the same sample or dilution of 
 sample may be filtered and the results combined. 
 
11.7 Filter the sample and rinse the sides of the funnel at least twice with 20-30 mL of sterile 
 buffered rinse water.  Turn off the vacuum and remove the funnel from the filter base. 
 
11.8 Use sterile forceps to aseptically remove the membrane filter from the filter base and roll it 
onto the mEI agar to avoid the formation of bubbles between the membrane and the agar 
surface.  Reseat the membrane if bubbles occur.  Close the dish, invert, and incubate at 
41±0.5ºC for 24 hours. 
 
11.9 After incubation, count and record colonies on those membrane filters containing, if 
 practical, 20-60 colonies with and blue halo regardless of colony color as an enterococci 
 colony.  Use magnification for counting and a small fluorescent lamp to give maximum 
 visibility of colonies. 
 
 
12.0 Date Analysis and Calculations 
 
Use the following general rules to calculate the enterococci count per 100mL of sample: 
 
 
12.1 Select and count membranes with ideally 20-60 colonies with any blue halo as an enterococci 
colony.  Calculate the final value using the formula: 
  
 No. of enterococci colonies  
Enterococci/100mL =     --------------------------------------    × 100 
  Volume of sample filtered (mL) 
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12.2 See the USEPA microbiology manual, part 2, Section C, 3.5, for general counting rules 
 (5). 
 
13.0 Method Performance 
 
13.1 Specificity.  The specificity of the medium used in this method is 6.0% false positive and 
 6.5% false negative for various environmental water samples (6).  The false positive rate 
 was calculated as the percent of colonies which reacted typically, but did not verify as 
 members of the enterococcus group.  The False negative rate was calculated as the 
 percent of all verified enterococcus colonies not reacting typically. 
 
13.2 Bias – The persistent positive or negative deviation of the results from the assumed or 
 accepted true value is not significant (6). 
 
13.3 Precision – The precision among laboratories for marine water and surface water was 
 2.2% and 18.9% (6). 
 
14.0 Reporting Results 
 
14.1 Report the results as enterococci per 100mL of sample. 
 
15.0  Verification Procedure 
 
15.1 Colonies with any blue halo can be verified as enterococci.  Verification of colonies may 
 be required in evidence gathering, and is also recommended as a QC procedure upon 
 initial use of the test and with changes in sample sites or lots of commercial media.  The 
 verification procedure follows. 
 
15.2 Using a sterile inoculating needle, transfer cells from the centers of at least well-isolated 
 typical colonies into a brain heart infusion broth (BHI) tube and onto a BHI Slant.  
 Incubate broth tubes for 24 hours and slants for 35 ± 0.5°C. 
 
15.3 After 24 hours incubation, transfer a loopful of material from each BHI broth tube to: 
 
 Bile Esculin Agar (BEA) and incubate at 35 ± 0.5°C for 48 hours. 
BHI Broth and incubate at 45 ± 0.5°C for 48 hours. 
BHI Broth with 6.5% NaC1 and incubate at 35 ± 0.5°C for 48 hours. 
 
15.4 Observe for growth. 
 
15.5 After 48 hours incubation, apply a gram stain to growth from each BHI agar slant. 
 
15.6 Gram positive cocci which grow in BEA, BHI Broth at 45°C, and BHI Broth + 6.5% 
 NaC1, and hydrolyze esculin, are verified as enterococci. 
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16.0 Pollution Prevention 
 
16.1 The solutions and reagents used in this method pose little threat to the environment when 
 recycled and managed properly. 
 
16.2 Solutions and reagents should be prepared in volumes consistent with laboratory use to 
 minimize the volume of expired materials to be disposed. 
 
 
17.0 Waste Management 
  
17.1 It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
 governing waste management, particularly the biohazard and hazardous waste 
 identification rules and land disposal restrictions, and to protect the air, water, and land 
 by minimizing and controlling all releases from fume hoods and bench operations.  
 Compliance with all sewage discharge permits and regulations is also required. 
 
17.2 Samples, reference materials, and equipment known or suspected to have viable 
 enterococci attached or contained must be sterilized prior to disposal. 
 
17.3 Samples preserved with HCI to pH <2 are hazardous and must be neutralized before 
 disposed, or must be handled as hazardous waste. 
 
 
17.4 For further information on waste management, consult “The Waste Management Manual 
 for Laboratory Personnel” and “Less is better”: Laboratory Chemical Management for 
 Waste Reduction,” both available from the American Chemicals Society’s Department of 
 Government Relations and Science Policy, 1155 16
th
 Street N.W., Washington, D.C. 
 20036. 
 
18.0 References 
 
18.1 “Standard Methods for the examination of water and waste water”, 20th Edition, 1998.  
 
18.2 “Improved Enumeration Methods for the Recreational Water Quality Indicator:  
Enterococci and E.Coli”. EPA/821/R-97/004. 
 
18.3 “Membrane Filter Test Method for Enterococci in Water”. EPA Method 1600. 
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Attachment D. Field Data Form and Chain of Custody 
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Attachment E. CSCR Lab Data Sheet 
 
South River Bacterial Source Tracking Program 
Lab Data Sheet – Enterococci Bacteria  
 
Date:                             Sampler: __________________________________ 
 
Analyst:   __________________________________ 
 
 
 
Enterococci Sample Results 
 
 
Sample ID & Replicate # 
 
Dilution? 
Start Time of 
Incubation 
Time of Sample 
Reading 
 
MPN 
     
     
     
     
     
     
     
     
     
     
     
     
 
Notes and Comments: 
 
 
 
 
 
 
Chain of Custody Record 
Relinquished by: Received by: 
Date: Date: 
Time: Time: 
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Attachment F. NSRWA Training Record 
 
Volunteer Training Attendance 
Type of Training:                                                                                     Date:  
Instructor(s):  
Name of Volunteer Phone Number E-Mail 
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Attachment G: Sample bottle label (coliform bacteria/enterococci) 
 
 
South River BST Water Sample 
 
Sample type (circle):   Ec/TC         Entero 
 
Site/Bottle #:                                         Duplicate?  Lab  Field 
 
Date: Time: Collected by: 
 
 
Date: Names of Monitors:
Boston High Tide:
Start Time:
Weather During Sampling Period (circle below)
Sky: Sunny Pt. Cloudy DRY or WET sampling (circle one)
Rain: None        Drizzle        Moderate        Heavy
Total Rain in Last 24 hrs: Total Rain in Last 48 hrs.
Site Lat (42.xxxxxx) Long (-70.xxxxxx)
Sample 
Time Conductivity Temp G&L Lab Fld Notes
1. Veterans Memorial Park x
2. Willow St. Bridge
3. Keville Footbridge x
4. Anderson Drive Approx #15 Anderson
5. Chandler Drive Approx #70 Chandler
6. Bourne Park Ave. x
7. Field Street
8. Rexhame Beach x
9. Julian St. Bridge x
10. Sea St. Bridge x
11. Central Ave. (#224)
12
13
14
15
16
17
18
19
20
21
22
Temperature of cooler containing samples 
Relinquished by: Received by:
Date/Time: Date/Time:
South River Bacterial Source Tracking
Field Data Sheet
Chain of Custody Record
Duplicates
SITE AND BMP INFORMATION
SITE NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
SITE LOCATION Wooded area near Main Street
Grace Ryder 
Housing Complex
Park Area at 3A 
and Plain Street
Fire Dept. and 
South River Elem
Vacant Lot near 
River
Public Schools 
Admin Bldg
Marshfield Town 
Hall
Downtown 
Parking Area
Grassed Area 
across from Skate 
Park
Former Downtown 
Roadway
Swale near Star 
Market
Swale behind 
Webster Square
Boys and Girls 
Club Town Library
Road to 
Responsibility
Daniel Webster 
School
Wooded area near 
Bourne Park Ave High Point Realty
PROPOSED BMP Raingarden and Dry Swale Raingardens (2) Gravel Wetland
Extended Detention 
Basin
Constructed 
Wetland
Extended Detention 
Basin Retrofit Raingarden Swirl Separators Raingarden Raingarden Retrofit Swale Retrofit Swale
Raingarden and WQ 
Swale Raingarden
Gravel Wetland and 
WQ Swale Raingarden Sediment Forebay Sediment Forebay
TYPE OF TREATMENT Roadway Roadway and parking lot River Parking lot Roadway Parking lot Parking lot Parking lot
Roadway and 
parking lot
Roadway and 
parking lot Parking lot Parking lot Parking lot Parking lot Parking lot Parking lot Roadway
Roadway and 
parking lot
1.0 WATER QUALITY BENEFITS
1.1 Impervious Area Treated
   (High=10, Mid=6, Low=3)
1.2 Total Area Treated
   (High=10, Mid=6, Low=3)
1.3 Water Quality Volume Treated
   (High=10, Mid=6, Low=3)
1.4 Type of Pollutant Treated
   (High=10, Mid=6, Low=3)
2.0 SITE CHARACTERISTICS
2.1 Location
   (High=10, Mid=6, Low=3)
2.2 Current Treatment
   (High=10, Mid=6, Low=3)
2.3 High Traffic Area
   (High=10, Mid=6, Low=3)
3.0 CONSTRUCTABILITY
3.1 Cost of Construction
   (High=5, Mid=3, Low=1)
3.2 Area Required
   (High=5, Mid=3, Low=1)
3.3 Available Land
   (High=5, Mid=3, Low=1)
3.4 Groundwater and Soil Constraints
   (High=5, Mid=3, Low=1)
4.0 MAINTENANCE
4.1 Maintenance Access
   (High=5, Mid=3, Low=1)
5.0 PUBLIC ED
5.1 Public Visibility and Awareness
   (High=5, Mid=3, Low=1)
SCORING AND RANKING
TOTAL SCORE (MAX 100) 62 80 59 78 74 55 70 57 70 78 66 59 76 82 82 74 61 84
PRIORITY RANKING 13 4 15 (tie) 5 (tie) 8 (tie) 18 10 (tie) 17 10 (tie) 5 (tie) 12 15 (tie) 7 2 (tie) 2 (tie) 8 (tie) 14 1
5 5 15 5 3 1 5 51 5 5 5 3 1 5 1
55 5 5 5 5 5
1 3 13
5 3
5 5 1 5 5 5 5 5 5 5
5 5 5 3 5 53 5 1 5 5 3 5 1 3
3 5 3 3 33 5 1 3 1 3 5 3
6 3
10 3
3 3 1 1 1 1
3 5
3 3 1 3 55 5 3 3 5
3 3 3 3 3 3
5
10 6 3 10 10 10
3 1 1 1 1 1 1 1 3
3
6 10 6 33 6 6 3 3 6
10 10 310 10 6 6 10 10
3 10
10 10 10 6 10 6 10
10 6 6 3
6 6
6 10 3 10 6 10 6
6 6 6 6 63 3 3 6 6 6
6 10 10 6 10 103 10 3 10 6 6 6 6 3
6 3 3 6 10 3 10 10 10
6 6 6 10
10 10 10 10 10 10 3 10 10
10 3 6 6 6 6 6 6 6
3
1
5
5
Table 8 - Site Prioritization and Scoring Results
10
10
6
6
10
10
10
5
3
3 10 10 10 10 10
6 3 10 10
     MEMORANDUM  
 
1
 
To: Town of Marshfield 
From: Comprehensive Environmental, Inc. 
Subject: South River Bacterial Source Assessment GIS Status 
Job No. 268-1 
Date: October 7, 2010 
 
 
The purpose of this memorandum is to summarize the status of the GIS information for the South River 
Bacterial Source Assessment in Marshfield, MA. Data has been attained from MassGIS, the Town of 
Marshfield, and the United States Department of Agriculture (USDA), Natural Resources Conservation 
Service (NRCS).  The following is a list of data layers that have been attained, the source of the data layers, 
and what area the data layers cover: 
 
Data Layer Source Available Area 
Parcel boundaries MassGIS Whole Study Area 
Town owned parcels Town of Marshfield Whole Study Area 
Urbanized Area MassGIS Whole Study Area 
Topography MassGIS Whole Study Area 
Hydrography MassGIS, Town of Marshfield Whole Study Area 
Soils USDA-NRCS Whole Study Area 
Watershed Boundaries MassGIS Whole Study Area 
Land Use MassGIS Whole Study Area 
Impervious Surfaces MassGIS Whole Study Area 
Roads MassGIS Whole Study Area 
Wellhead Protection Areas MassGIS Whole Study Area 
Outfalls Town of Marshfield Downtown Only 
Catch Basins, Manholes, and Pipes Town of Marshfield Downtown Only 
Sewers (trunk lines) Town of Marshfield Downtown Only 
Easements Town of Marshfield Downtown Only 
 
Zoning and groundwater elevation layers have not been obtained, however are not required for design and 
construction of stormwater BMPs. 
Table 3 - Scoring Methodology
4.0 MAINTENANCE 5.0 PUBLIC ED
(5 Points) (5 Points)
SCORING 
DESCRIPTION
Impervious Area 
Treated
Total Area 
Treated
Water Quality 
Volume Treated
Type of Pollutant 
Treated Location
Current 
Treatment High Traffic Area
Cost of 
Construction Area Required Available Land
Groundwater and 
Soil Constraints Maintenance Access
Public Visibility and 
Awareness
High Scoring 
Description
Greater than 1 
Acre Treated
Greater than 5 
Acres Treated
1" or More Treated 
(Entire WQV or 
More)
Nutrients, 
Bacteria, Turbidity 
and Others
Adjacent or Direct 
Discharge to River
No Current 
Treatment
High Traffic Area 
(e.g. Downtown or 
Main Roadway)
Highly Cost 
Effective
Minimal Area 
Required (<0.25 
acres)
Plentiful Land, not 
Actively Utilized
Deep Groundwater 
Anticipated
Easy to Access (Public 
Land)
High Visibility (e.g. Highly 
Visible or Downtown)
   High Point Value 10 points 10 points 10 points 10 points 10 points 10 points 10 points 5 points 5 points 5 points 5 points 5 points 5 points
Moderate Scoring 
Description
0.25 to 1 Acre 
Treated
1 to 5 Acres 
Treated
0.5" to 1" Treated 
(First Flush to 
WQV)
Bacteria, Turbidity 
and Other 
Pollutants 
Adjacent or Direct 
Discharge to 
Tributary
unused
Moderate Traffic 
Area (e.g. 
secondary road, 
seldom used 
Moderately Cost 
Effective
Medium Area 
Required (0.25 - 
0.5 acre)
Somewhat 
Available Land
Moderate Depth to 
Groundwater 
Anticipated
Moderately Accessible 
(Public and Private Land)
Medium Visibility (e.g. 
Somewhat Visible)
   Mid Point Value 6 points 6 points 6 points 6 points 6 points 6 points 6 points 3 points 3 points 3 points 3 points 3 points 3 points
Low Scoring 
Description
Less than 0.25 
Acres Treated
Less than 1 Acre 
Treated
Less than 0.5" 
Treated (Less than 
First Flush)
Turbidity and 
Other Pollutants 
Only
Upland from River 
and Tributaries
Some Current 
Treatment
Low Traffic Area 
(e.g. Wooded or 
Low Use Road)
Minimally Cost 
Effective
Large Area 
Required (>0.5 
acre)
Currently Utilized 
Land
Shallow Depth to 
Groundwater 
Anticipated
Difficult to Access (Private 
Land)
Low Visibility (e.g. Under-
ground or Low Traffic 
Area)
   Low Point Value 3 points 3 points 3 points 3 points 3 points 3 points 3 points 1 point 1 point 1 point 1 point 1 point 1 point
10 10 10 10 10 10 10 5 5 5 5 5 5
(20 Points)
< - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 100 Possible Points - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >
SCORING 
CATEGORY
Total Score
1.0 WATER QUALITY BENEFITS
(40 Points)
2.0 SITE CHARACTERISTICS 3.0 CONSTRUCTABILITY
(30 points)
Table 10 - Conceptual BMP Cost Estimates
Description Quantity Unit Unit Price Subtotal Source
Pavement removal 30.0 s.y. $7.90 $237.00 R.S. Means, 02 41 13.17 5050
Labor to remove pavement 4.0 hrs $100.00 $400.00 CEI Estimate
Excavation 150.0 c.y. $5.10 $765.00 R.S. Means, 31 23 16.13 1300
Hauling 100.0 c.y. $6.30 $630.00 R.S. Means, 31 23 23.20 1056
Labor for excavation and hauling 8.0 hrs $100.00 $800.00 CEI Estimate
Stormceptor, Model STC 4800 1.0 ea. $28,000.00 $28,000.00 Rinker Materials, Stormceptor Vendor
Labor to install Stormceptors 8.0 hrs $100.00 $800.00 CEI Estimate
Backfill 70.0 c.y. $1.03 $72.10 R.S. Means, 31 23 23.14 2000
Paving 30.0 s.y. $69.50 $2,085.00 R.S. Means, 32 12 16.13 1080
Labor for backfill and paving 10.0 hrs $100.00 $1,000.00 CEI Estimate
Clearing and grubbing 0.20 ac. $5,600.00 $1,120.00 R.S. Means, 31 11 10.10 0020 & 0150
Labor for clearing and grubbing 24.0 hrs $100.00 $2,400.00 CEI Estimate
Excavation 500.0 c.y. $5.10 $2,550.00 R.S. Means, 31 23 16.13 1300
Hauling 350.0 c.y. $6.30 $2,205.00 R.S. Means, 31 23 23.20 1056
Labor for excavation and hauling 24.0 hrs $100.00 $2,400.00 CEI Estimate
Loam and vegetation support 
material 250.0 c.y. $22.50 $5,625.00 R.S. Means, 31 23 23.15 7000
Grading 600.0 s.y. $2.38 $1,428.00 R.S. Means, 31 22 16.10 1050
Labor for loam and grading 18.0 hrs $50.00 $900.00 CEI Estimate
Erosion control fabric and bank 
stabilization 40.0 s.y. $1.00 $40.00 CEI Estimate
Labor for erosion control fabric 
installation 4.0 hrs $50.00 $200.00 CEI Estimate
Gabions 10.0 ea. $50.00 $500.00 CEI Estimate
Riprap 20.0 c.y. $60.00 $1,200.00 R.S. Means, 31 37 13.10 0100
Labor for gabion and riprap 
placement 8.0 hrs $100.00 $800.00 CEI Estimate
Plantings 50.0 ea. $8.00 $400.00 CEI Estimate
Labor for plantings 4.0 hrs $50.00 $200.00 CEI Estimate
Silt fence 100.0 l.f. $0.92 $92.00 R.S. Means, 31 25 13.10 1000
Hay bales 100.0 l.f. $8.10 $810.00 R.S. Means, 31 25 13.10 1250
Subtotal for Materials and 
Labor
$57,659
1% Cleanup Cost 1.0 % 1.0% $576.59 CEI Estimate
Staging, Mobilization and 
Demobilization
2.0 ea. $1,000.00 $2,000.00 CEI Estimate
Subtotal for All Items $60,236
25% Contingency 25.0 % 25.0% $15,058.92 CEI Estimate
TOTAL COST $75,295
Site 1 - High Point Realty Proprietary Separator
Table 10 - Conceptual BMP Cost Estimates (continued)
Description Quantity Unit Unit Price Subtotal Source
Clearing and grubbing 0.20 ac. $5,600.00 $1,120.00 R.S. Means, 31 11 10.10 0020 & 0150
Labor for clearing and grubbing 24.0 hrs $100.00 $2,400.00 CEI Estimate
Excavation 250.0 c.y. $5.10 $1,275.00 R.S. Means, 31 23 16.13 1300
Hauling 200.0 c.y. $6.30 $1,260.00 R.S. Means, 31 23 23.20 1056
Labor for excavation and hauling 12.0 hrs $100.00 $1,200.00 CEI Estimate
Cut and remove pipe 61.0 l.f. $2.86 $174.46 R.S. Means, 02 41 13.40 0110
Labor to remove pipe and modify 
outlet structure 12.0 hrs $50.00 $600.00 CEI Estimate
Install new pipe 120.0 l.f. $12.40 $1,488.00 R.S. Means, 33 41 13.50 1060
Labor to install new pipe 8.0 hrs $50.00 $400.00 CEI Estimate
Install new manhole 1.0 ea. $880.00 $880.00 R.S. Means, 33 49 13.10 1110
Install new headwall 2.0 ea. $3,500.00 $7,000.00 CEI Estimate
Labor to install manhole and 
headwalls 24.0 hrs $50.00 $1,200.00 CEI Estimate
Loam and vegetation support 
material 250.0 c.y. $22.50 $5,625.00 R.S. Means, 31 23 23.15 7000
Grading 1000.0 s.y. $2.38 $2,380.00 R.S. Means, 31 22 16.10 1050
Labor for loam and grading 24.0 hrs $50.00 $1,200.00 CEI Estimate
Erosion control fabric 150.0 s.y. $1.00 $150.00 CEI Estimate
Labor for erosion control fabric 
installation 8.0 hrs $50.00 $400.00 CEI Estimate
Non-woven filter fabric 50.0 s.y. $2.70 $135.00 R.S. Means, 31 32 19.16 1500
Labor for filter fabric installation 4.0 hrs $50.00 $200.00 CEI Estimate
Pea stone 3.0 c.y. $118.00 $354.00 R.S. Means, 32 91 13.16
Gabions 2.0 ea. $50.00 $100.00 CEI Estimate
Riprap 12.0 c.y. $60.00 $720.00 R.S. Means, 31 37 13.10 0100
Labor for pea stone, gabion and 
riprap placement 10.0 hrs $100.00 $1,000.00 CEI Estimate
Plantings 200.0 ea. $8.00 $1,600.00 CEI Estimate
Labor for plantings 16.0 hrs $50.00 $800.00 CEI Estimate
Silt fence 250.0 l.f. $0.92 $230.00 R.S. Means, 31 25 13.10 1000
Hay bales 250.0 l.f. $8.10 $2,025.00 R.S. Means, 31 25 13.10 1250
Subtotal for Materials and 
Labor
$35,916
1% Cleanup Cost 1.0 % 1.0% $359.16 CEI Estimate
Staging, Mobilization and 
Demobilization
2.0 ea. $1,000.00 $2,000.00 CEI Estimate
Subtotal for All Items $38,276
25% Contingency 25.0 % 25.0% $9,568.91 CEI Estimate
TOTAL COST $47,845
Site 2 - Road to Responsibility Constructed Wetland
Table 10 - Conceptual BMP Cost Estimates (continued)
Description Quantity Unit Unit Price Subtotal Source
Clearing and grubbing 0.04 ac. $5,600.00 $224.00 R.S. Means, 31 11 10.10 0020 & 0150
Labor for clearing and grubbing 12.0 hrs $100.00 $1,200.00 CEI Estimate
Cut existing curb 5.0 l.f. $4.38 $21.90 R.S. Means, 02 41 13.17 6200
Labor for curb cut 2.0 hrs $50.00 $100.00 CEI Estimate
Excavation 150.0 c.y. $5.10 $765.00 CEI Estimate
Hauling 150.0 c.y. $6.30 $945.00 R.S. Means, 31 23 23.20 1056
Impermeable membrane 1800.0 s.f. $1.30 $2,340.00 R.S. Means, 33 47 13.53 1100
Labor to install membrane 12.0 hrs $50.00 $600.00 CEI Estimate
Gravel 200.0 s.y. $14.50 $2,900.00 R.S. Means, 31 11 23.23 0303
Labor to install gravel 4.0 hrs $100.00 $400.00 CEI Estimate
Underdrain 150.0 l.f. $10.05 $1,507.50 R.S. Means, 33.46.16.30 2100
Labor to install underdrain 16.0 hrs $50.00 $800.00 CEI Estimate
Labor for excavation and hauling 12.0 hrs $100.00 $1,200.00 CEI Estimate
Catch basin outlet structure 1.0 ea. $1,425.00 $1,425.00 R.S. Means, 33 49 13.10 1110
Labor to install catch basin 8.0 hrs $100.00 $800.00 CEI Estimate
Loam and vegetation support 
material 200.0 c.y. $22.50 $4,500.00 R.S. Means, 31 23 23.15 7000
Grading 200.0 s.y. $2.38 $476.00 R.S. Means, 31 22 16.10 1050
Labor for loam and grading 16.0 hrs $50.00 $800.00 CEI Estimate
Riprap 1.0 c.y. $60.00 $60.00 R.S. Means, 31 37 13.10 0100
Labor for riprap placement 2.0 hrs $100.00 $200.00 CEI Estimate
Plantings 150.0 ea. $8.00 $1,200.00 CEI Estimate
Labor for plantings 12.0 hrs $50.00 $600.00 CEI Estimate
Subtotal for Materials and 
Labor
$23,064
1% Cleanup Cost 1.0 % 1.0% $230.64 CEI Estimate
Staging, Mobilization and 
Demobilization
2.0 ea. $1,000.00 $2,000.00 CEI Estimate
Subtotal for All Items $25,295
25% Contingency 25.0 % 25.0% $6,323.76 CEI Estimate
TOTAL COST $31,619
Site 3 - Town Library Bioretention Area
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Interim Project Meeting 
Marshfield Town Hall, Hrg. Room 2 
1:00 PM 
 
 
• Review Sampling Results  
o Future sampling, anticipated timetable 
 
• Modified Sampling Locations 
o New upstream sampling location (1 site, TBD) 
o New tributary sampling locations (2 recommended tributaries) 
o New outfall sampling locations (2 recommended outfalls) 
 
• Existing BMP locations within target area 
 
• Potential BMP Site Locations 
o Town-owned properties 
o Other known locations 
o Redeveloped properties 
 
• Downtown area site visits after the meeting 
      MEETING MEMO  
 
 
The above text summarizes the events of the meeting at the above date and time.  
If this information is not correct, please contact CEI as soon as possible. 
 
ATTENDEES: 
Nick Cristofori – Comprehensive Environmental Inc. 
Sara Grady – North and South River Watershed Assoc. 
Samantha Woods – North and South River Watershed Assoc. 
Jay Wennemer – Marshfield Conservation Commission 
Rod Procaccino – Marshfield DPW 
FROM: Nick Cristofori – Comprehensive Environmental Inc. 
SUBJECT: South River Interim Project Meeting 
JOB NUMBER: 268-1 
MEETING DATE: August 10, 2010, 1:00 PM 
 
An interim project meeting was held at the Marshfield Town Hall to discuss progress to 
date and future actions on the following primary items: 
1. Billing 
2. Sampling efforts and results to date 
3. Recommended sampling program modifications  
4. Current stormwater BMP locations 
5. Potential stormwater BMP sites 
 
The following summarizes the content of the meeting. 
 
Billing 
The North and South River Watershed Association (NSRWA) requested an update on 
billing and invoicing to date.  Per previous email correspondence, Comprehensive 
Environmental (CEI) received payment from the Town for the first invoice from August 2 
and mailed a check to the NSRWA for $3,728.25 on the same day.  The Town also 
responded that the second memo is in the process of being paid.  All parties agreed that 
the billing and payment process is in motion, and is progressing at a satisfactory rate. 
 
Current Sampling Efforts 
The meeting continued with a discussion of the existing sampling data recorded during 2 
wet weather events and 1 dry weather event.  CEI and NSRWA lead the discussion to 
outline current data trends and locations where bacteria increases were noted.  CEI 
identified the primary focus area as encompassing the downtown region based on the 
elevated bacteria readings.  An explanation and reasoning behind sampling for total coli, 
e.coli, and enterococci was also provided.    
 
Mr. Wennemer outlined a concern on the effect of tides on sampling.  He requested that 
sampling start at the mouth of the river and progress upstream so as to minimize possible 
tidal influences.  NSRWA will attempt to sample in this manner during upcoming rounds. 
 
      MEETING MEMO  
 
 
The above text summarizes the events of the meeting at the above date and time.  
If this information is not correct, please contact CEI as soon as possible. 
The NSRWA stated that they plan to sample during wet weather for the next sampling 
round.  The order of the final two rounds will be weather dependent; however one wet 
and one dry round are required.   
 
Future Sampling Efforts 
CEI outlined the recommended relocation of several stations from downstream locations 
to alternate locations within the watershed to better bracket bacterial sources, including 
sampling a stormwater outfall and sampling the river further upstream.  The NSRWA will 
attempt to alter the sampling program during future rounds according to where they can 
gain access.  Mr. Wennemer will assist the NSRWA in obtaining access to sample off the 
upland pond dam.   
 
Mr. Wennemer requested that additional locations be added to further track stormwater 
and wastewater impacts; however CEI and NSRWA explained that this may not be 
feasible due to limited project budget and a focus on stormwater impacts.   
 
Current Stormwater BMP Locations 
CEI requested a list of existing stormwater BMPs in the focus area.  The Town provided 
several locations for follow-up inspection and review as outlined below: 
• Swale near Star Market 
• Swale behind Webster Square 
• Town Hall raingarden area 
 
Stormwater BMP Locations 
Discussion then commenced on recommended locations for stormwater BMPs.  CEI 
presented a preliminary list of locations where BMPs may be feasible.  Members of the 
Town and NSRWA specifically requested that the town library be reviewed for possible 
BMP installation options.  CEI replied that this was already on the list of locations, and 
that an investigation would be taking place immediately following the meeting.   
 
Per continued discussion of the preliminary list, the following sites were excluded from 
final BMP consideration: 
• Park area at Route 139 (recently redeveloped and will not be available for a BMP) 
• Vacant lot on Route 139 (currently slated for a park, already designed and funded) 
• Downtown parking area (recently paved and retrofitted with StormCeptors) 
 
Action Items 
1. CEI will continue to view potential BMP sites in the downtown area.  All meeting 
attendees are welcome to attend. 
2. NSRWA will attempt to sample stations from downstream to upstream during 
subsequent sampling rounds. 
3. Jay will assist the NSRWA in obtaining sampling access off the upland pond dam.    
Interim Project Meeting 
Marshfield Town Hall 
10:00 AM 
 
 
• Project status update 
 
• Review sampling results  
o GIS coordinates of new sampling locations 
 
• Review deliverables 
 
• Top 3 prioritized BMP site locations 
o Parcel behind Dairy Queen (owned by High Point Realty Trust) 
o Easement behind playground and Road to Responsibility 
o Other downtown location 
 
• Discussion of public forum 
 
      MEETING MEMO  
 
 
The above text summarizes the events of the meeting at the above date and time.  
If this information is not correct, please contact CEI as soon as possible. 
 
ATTENDEES: 
Rod Procaccino – Marshfield DPW  
Jay Wennemer – Marshfield Conservation Commission 
Sara Grady – North and South River Watershed Assoc. 
Samantha Woods – North and South River Watershed Assoc. 
Nick Cristofori – Comprehensive Environmental Inc. 
Stephanie Hanson – Comprehensive Environmental, Inc. 
FROM: Nick Cristofori – Comprehensive Environmental Inc. 
SUBJECT: South River 604(b), Third Project Meeting 
JOB NUMBER: 268-1 
MEETING DATE: October 8, 2010, 10:00 AM 
 
A third project meeting was held at the Marshfield Town Hall to discuss progress to date 
and future actions on the following primary items: 
1. Sampling results  
2. Priority BMP locations 
3. Review of deliverables and status update 
4. Public forum 
 
The following summarizes the content of the meeting. 
 
Sampling Results 
The meeting commenced with the North and South River Watershed Association 
(NSRWA) providing a summary of bacteria data collected during sampling efforts this 
past summer and fall.  NSRWA identified several areas where wet weather data was 
noticeably higher than dry weather data, indicating a potential stormwater issue that could 
be addressed through the installation of a BMP.  The following primary areas were 
identified: 
• Tea Rock Lane 
• Willow Street Pipe 
• Stratton Ave. Catch Basin 
• Library Catch Basin 
• Dairy Queen Stream 
 
Tea Rock Lane results were especially surprising, as the area surrounding the sampling 
location is relatively undeveloped.  It is possible that pet waste or hobby farm runoff is 
causing the elevated bacteria numbers.  CEI will perform some additional desktop 
research into this area to see what other causes may be present.  It is possible that 
additional public education may be needed in this area.  Most other areas are located in 
the highly developed downtown area and may be addressed through the installation of 
stormwater BMPs as outlined in the following section. 
      MEETING MEMO  
 
 
The above text summarizes the events of the meeting at the above date and time.  
If this information is not correct, please contact CEI as soon as possible. 
 
The Old Plain Street sampling location had elevated dry weather results that are likely 
due to natural processes in the upstream wetland areas.  Several other areas such as 
Willow Street and Rand Handy have high dry weather numbers that may be indicative of 
wastewater issues near these locations.   
 
Priority BMP Locations 
CEI outlined the top 4 recommended sites for a stormwater BMP.  Sites are as follows: 
1. Parcel behind Dairy Queen 
2. Easement near Road to Responsibility 
3. Abandoned downtown road  
4. Vegetated area near Anderson Insurance Services 
 
The parcel behind the Dairy Queen offers an opportunity to provide treatment to a 
substantial portion of the downtown area, including the Stratton Avenue catch basin and 
Dairy Queen stream, both of which were previously identified as areas of concern.  
Possible BMPs include a gravel wetland or stream bank restoration, preceded by a 
sediment forebay or underground sediment capture device in the paved accessway.  
Potential issues are ownership and permitting difficulties associated with wetland 
disturbance.  Mr. Wennemer indicated that proposed BMPs in this location combined 
with streambank/wetland restoration to enhance natural pollutant removal capacity would 
like be supported by the Marshfield Conservation Commission. 
 
The town previously obtained a drainage easement near the Road to Responsibility, 
consisting of a 20 foot wide corridor along the parking lot and continuing towards an 
offsite wetland area.  This area could be used to capture a large portion of the adjacent 
parking lot and the Liberty Plaza roadway, including runoff from the Library Catch Basin 
which was previously identified as an area of concern.  Runoff would be collected from 
both the closed drainage system and direct runoff from the impervious area.  Possible 
BMPs may include a water quality swale, bioretention area, or constructed wetland.   
 
The abandoned downtown road could be a location to install an underground BMP to 
capture sediment or other pollutants from a large portion of the downtown area, helping 
to alleviate required BMP space behind the Dairy Queen.  This site could be used in 
tandem with the parcel behind dairy queen.  It is understood that at least part of this area 
is to be turned into a park area, allowing a new BMP to be incorporated into 
redevelopment efforts. 
 
Finally, the vegetated area near Anderson Insurance Services could be converted into a 
bioretention area or infiltration basin.  This would capture runoff from part of Snow Road 
and the adjacent parking area.  Pending final site evaluation, several catch basins 
collecting runoff from the Marshalls parking lot may also be intercepted and routed 
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The above text summarizes the events of the meeting at the above date and time.  
If this information is not correct, please contact CEI as soon as possible. 
through the new BMP device, with overflow discharging into the Webster Street 
collection system.  
 
Review of Deliverables and Status Update  
CEI performed a brief review of deliverables and status update.  To date, all deliverables 
are on track.  A number of items, including the QAPP and sampling efforts have been 
completed.  Mapping efforts are largely complete, only needing to be updated as 
described in the previous sections.  Progress is ongoing as outlined in the Action Items 
section.  CEI will provide NSRWA with a description of several final deliverables for 
incorporation into their final report. 
 
Public Forum 
Per the Scope of Work, CEI is to assist NSRWA in conducting a public forum to present 
results to interested residents and local officials.  Per discussion at this meeting, the 
forum will not solicit public input; however will simply present results and proposed 
stormwater BMPs to identified stakeholders.  The meeting will be held in a public forum 
such as a Board of Selectmen meeting. 
 
Action Items 
Town of Marshfield 
1. Town of Marshfield (Jay) to provide plans for Road to Responsibility parking 
expansion (already received) 
2. Town of Marshfield (Rod) to provide plans on drainage easement near Road to 
Responsibility (already received) 
3. Town of Marshfield (Rod) to research septic information for Tea Rock Lane area. 
4. Town of Marshfield (Rod) to provide available soil boring data for priority BMPs 
areas, where available. 
5. Town of Marshfield (Rod and Jay) to approach landowner behind Dairy Queen to 
discuss possible land transfer. 
 
NSRWA 
1. NSRWA (Sara) to provide sampling data (already received) 
2. NSRWA (Sara) to provide new sampling station GPS coordinates (already 
received) 
CEI 
1. CEI to conduct limited desktop research in the vicinity of Tea Rock Road 
2. CEI to update GIS map to show Tea Rock Road area and additional sampling 
location 
3. CEI to continue work on identified priority BMP areas. 
4. CEI to obtain 604(b) report template for NSRWA (already sent) 
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Site Prioritization
• Ultimately focused on downtown area
• Identified 18 possible sites
• Performed detailed prioritization and 
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– Maintenance (5 points)
– Public visibility (5 points)
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Site Prioritization
• Top 3 sites then chosen:
– Site 1:  High Point Realty (score=84)
– Site 2:  Road to Responsibility (score=82)
Site 3: Marshfield Library (score=82)–      
• Performed BMP conceptual design
• Numerous design challenges
– Ownership
– Available space
– Regulated resource areas
– High groundwater
– BMP Cost
Conceptual Design
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– Underground Stormceptor unit
– Sediment forebay
– Constructed wetland
• Site 2:  Road to Responsibility $48,000
– Grass swale
– Sediment forebay
– Constructed wetland
• Site 3:  Marshfield Library $32,000
– Filtering bioretention area
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Priority Site 2 – Road to Responsibility
$48,000
Grass Swale with Checkdams
Sediment Forebay
– Partial treatment 
of 4 acres
Constructed Wetland
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